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PREFACE

The growth spurt characterizing biomedical research in the early sixties, associated with the rapid development of
the field of aerospace medicine. resulted in the appearance of a mass of experimental data and theory. requiring
organization. In an attempt to give structure and direction to this newly expanding field of investigation, the
Biodynamics Committee of the Acrospace Medical Panel of AGARD/NATO began to issue a series of monographs

‘covering the generally accepted basic information in the fields of prolonged radial and linear acceleration™.
(Gell. C.F, & Jones, W.L.. 1971,

The first “Comparative Table of Acceleration Terminology™ was compiled and promulgated by the Biodynamics
Commiittee in 1962 and endorsed by the Aerospace Medical Panel of AGARD, the Aerospace Medical Association and
the National Aeronautics and Space Administration. A revision appeared in 1965 and was widely distributed as part

of “Principles of Biodynamics”. AGARDograph No.150, 1971, a publication covering the physics. physiology and
tolerance limits of acceleration forces,

Subsequently a working group was established in 1972, under the auspices of the AGARD Aerospace Medical
Panel. to consider standardization of impact testing. A publication titled ““A Catalogue of Current Impact Devices™
(D.H.Glaister, editor, AGARD Report No.658, 1977) was prepared. It was a comparative presentation of the 42

then-operational or proposed impact test facilities, and summarized the features of each device based on data submitted
via questionnaires sent to all known research laboratories.

The Biodynamics Sub-Committee has considered it advantageous to update the “*Catalogue’ regularly. During the
tenure of a University Resident Research Fellowship sponsored by the Air Force Office of Scientific Research, on
assignment in the Division of Biodynamics and Bioengineering, Air Force Aerospace Medical Research Laboratory,
Wright-Patterson Air Force Base, the author prepared this survey and catalog. He would like to gratetully acknowledge
the support and co-operation of Dr Henning von Gierke, Division Director, and Dr Leon Kazarian, Chief of the Bio-
dynamic Effects Branch. and their associates, for technical support and advice. He is particularly appreciative of the
efforts of TSgt. W.R.Johnson and Ms. Suzanne D.Smith-Lagnese in the development of the computer storage and
retrieval programs for the impact device data base. The timely and professional preparation of this catalog was

accomplished through the very skilful secretarial and editorial services of Ms. Lila Dorn, Ms. Phyllis Reames and *
Mrs Katherine Bohannan.
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IMPACT TEST FACILITIES
INTRODUCTION

The effort to update the catalog of current impact devices was initiated by corresponding with all
facilities listed in the first edition and attempting to verify the name of the current manager or
director and their mailing address. A data form was generated, and, as verified names and addresses were
received, was sent with an explanatory letter to each. In most cases, data sheets were returned in short
order, but second and third mail requests, and in some instances telephone follow-ups, were necessary to
achieve returns., Additional facilities were located through personal contact with those responsible for
some test devices.

Several new devices were identified that have been built since the last compilation, but in some
cases the organization managers indicated that they did not wish to be included. 1In an effort to
increase the data base, announcements were placed in "Aviation Space and Environmental Medicine” inviting
participation. WNo additional laboratories were identified by this mechanism. Several facilities
included in the first edition have become non-operational, or were not included in this compilation
because of the failure to receive a reply fram their supervisory personnel. This resulted in a total of
45 test facilities which form the data base for this revised catalog, representing a slight increase over
the originally described 42.

Although all original descriptive and performance data are reported, summary tables have been
generated for the benefit and use of technical managers interested in comparing the features and
capabilities of the various facilities. These tables are introduced by a master list of all facilities
(Table 2) within which the various research centers are listed alphabetically by country and then within
countries by appropriate smaller geographic units. Each test instrument is assigned its own identifi-
cation number (ID#) within this format. Further descriptive summary tables use only this identification
number as the instrument entry. It is, therefore, necessary to refer to Table 2 for specific ID numbers
before referring to the data base presented in the following tables. The data given represents all input
received as of April, 1983. The various facility directors were also asked to report their research
goals for the next five years. Their replies can be considered to represent three general areas of
effort: human tolerance testing, the development of human analogs, and wehicle hardware and component
evaluation. These topics are discussed in a later section.

THE IMPACT FACILITIES DATA BASE

Survey responses are sumnarized in seven tables arranged to oompare design characteristics and
performance capabilities, The specific data sheets from which these summaries were generated are
presented in a following section. When necessary, units have been converted to SI for comparison
purposes in all tables. Individual data sheets reproduce the units as originally reported. Table 2 is
an index list of all the facilities and can be used to cross reference the specific data sheet to the
facility, as listed in any of the summary tables, using the identification number (ID#) assigned.

Table 3 summarizes the priaciples of operation and pulse shaping employed, the orientation of the
test instrument (horizontal or vertical), man-rating status, physical dimensions and maximum payload.
Some managers emphasize the similarity between the deceleration curve produced on impact and the
acceleration curve produced by a Hyge apparatus. The operational details of this type of instrument were
originally described in the first edition of this catalog, and the rnumber of facilities using, or
planning construction of such a test device attests to its popularity. In some cases an organization
would identify this form of accelerator as an "impact decelerator” or "reverse impact decelerator" (e.q.
MIRA ID# 23). For purposes of this report all instruments of the Hyge type have been considered as
impact accelerators.

The most popular instruments are horizontal impact decelerators., Twenty-three of the described 45
facilities utilize this mode of testing. Since this orientation directly simulates the condition of a
barrier crash for most civilian vehicle situations, this is not unexpected. Acceleration is accomplished
by a variety of methods but 30% (7 of 23) utilize a stretched elastic cord (bungee) to achiew initial
velocity. The reliability and reproducibility of this acceleration mode is considered in separate
facility descriptions (Giles, 1971) and appears popular because of low construction cost and ease of
repetitive testing, A variety of other acceleration mechanisms including solid rocket propulsion,
electric and gasoline powered winches, falling weights and pneumatic systems are also in use. The
propulsion method seems less critical than the assurance that a period of sustained, controlled velocity
precedes impact. This usually involves a "coast"™ period following the initial acceleration, with and
without velocity controlled "trimming,” by on-board brakes.

Deceleration impact pulse shaping is accomplished by a variety of methods. Simple barrier crashes
into a large mass, simulating the most direct effects of horizontal impact, represent 22% of the reported
methods (5 of 23). The use of a flat metal strip of specified physical characteristics adds a degree of
control to the pulse shaping process. Deformation of the metal hetween rollers by a sgpike fitted to the
front of the sled is a function of the impacting mass initial velocity and material properties of the
strip employed in a given test, Storage of the deformed strip provides a permanent record of the impact
conditions for each test. A variation of the deformable metal strip involves plastic tubes engaging pins
on the sled. A greater degree of control is accomplished by utilizing direct impact into pneumatic or
hydraulic pistons, or into stretched steel cables attached to hydraulic pistons. The versatility of the
fully programmable impact target allows for a greater variety of controlled pulses to be developed (see
Table 5), though in practice only a few may actually be used in accord with testing standards.

Vertical impact decelerators are less common than the horizontal orientation, but have the advantage
of more directly producing G, forces without the necessity of reorientation of the test subject. Many




of these devices are used in ejection studies on the premise that the +G, pulse produced can be made
identical to the +G, pulse experienced during an ejection. However, the force contributed by the
weight of the test vehicle and subject, acting in a =G, direction at the moment of impact, introduces
rebound phenomena that have anatomical and physiological effects differing from those of a pure +G
pulse. The vertical impact decelerator configuration most closely simulates a ground landing impact and
can profitably be used for research on human tolerance and crashworthiness of system components in such
environments.

The ability to generate a large acceleration pulse over a short stroke distance has made the Hyge
type of hydraulic activator a popular research instrument. Reasonably short stroke and “"coasting"
distances also allow the test area to be completely enclosed for cptimum environmental control and data
collection. These instruments are thus the most popular horizontal impact accelerators in current use,
Since the acceleration pulse can be delivered at a controlled time with such instruments, it is possible
tc position precisely the test subject and recording instrumentation for accurate simulation of any
impact confiquration, prior to delivering the pulse. The problems associated with test subject movement
during the "coast" period involved in deceleration testing are thus eliminated. These advantages,
however, can be expensive to acquire. The simpler bungee cord actuated horizontal decelerators have thus
remained popular even though the positioning problem exists. With only two exceptions (ID# 1,35), the
impact accelerators of the Hyge type are dedicated instruments and not readily available for commercial
contract work.

The final test oconfiguration in use involve vertical impact accelerators. These instruments
represent the least common test mode, even though they are capable of reproducing the +G, forces
associated with aircrewmember ejection directly, with the added advantage of precise pre-positioning.
The safety problems associated with braking vertical motion within a reasonable distance, limits these
instruments to relatively small accelera: ion forces. Small units are used for component testing,
experimental validation studies prior to larger instrument testing, and studies with small to medium
size, nonhuman primates. Large ejection towers are used for human testing.

REPRODUCIBILITY OF IMPACT TEST DATA
A. Repeatability

Many investigators have expressed concern that, as human testing proceeds, the input pulse used
may approach or accidently exceed an injury threshold. Accordingly, some attention was drawn to the
importance of the reproducibility of specific acceleration or deceleration profiles (von Gierke, 1971).
An estimate has been presented, subject to other variables, such as duration, onset times, total velocity
change, etc., that these instruments operate with 3 to 5% variability (Kleinhanss, 1971). 1In an effort
to define further the reproducibility of the data generated at the included facilities, each respondent
was asked to report the repeatability of peak acceleration (G) and peak velocity for their test
instruments. 'This data is presented in Table 6. Repeatability is defined as deviation from a programmed
test value under idealized test conditions for multiple tests. Although not clearly defined in the
questionnaire replys, the values presented are assumed to be one standard deviation of a mormal
distribution of test output data for repeated tests. Some of the replys listed repeatability as relative
percentage of the programmed value, assuming the latter to be 100% (i.e. 95% reported was assumed to be
5% of the adopted definition). An estimate of average repeatability was then made and the values for
accelerators were compared with those for decelerators. Peak acceleration repeatability averaged
*2.12% for acc$1erators {N=11) and 4.21% for decelerators (N=22). Peak velocity repeatability
averages were -2.01% and *2.708 respectively.

This data indicates a better repeatability is operationally possible, with respect to peak
acceleration, when using an accelerator mode, even though the average peak velocity repeatability for the
two test configurations, as reported, are essentizlly the same. When only accelerators of the Hyge type
(N=10) are oonsidered, peak acceleration repeatability is further improved to ¥1.38, It is thus
prudent to perform human testing, close to known tolerance limits, with instruments capable of this
degree of repeatability.

B. The Mass Ratio Problem

The inertial reaction of a test object influences the acceleration of the test carriage. This
is evident as an effect on the input waveform of the accelerating device. This reaction adversely
affects control and repeatability. Designing a test apparatus with very high force producing capability,
and a much heavier test carriage will improve the operational acceleration repeatability. The inertial
reaction of the test object is then a lower proportion of the total force, and control is improved.
Chandler (1971) recommended a mass ratio of carriage to test object of 10 to 1 or more, in order to
achieve reasonable impact acceleration control.

In practice it is apparently difficult to meet or even agpproach this proposed condition. Of the
46 test configurations presented in Table 4, only four exceed a mass ratio of 3 and of these only two
exceed a value of 7. It is likely that the payload values reported have seat restraint systems or other
fixed components used to position a test subject included in the "payload" mass value. Under more
specific and limiting definitions, this mass might more properly be considered part of the "sled" mass,
thus improving significantly the mass ratio factor for a given operational condition. Since in most test
situations the subject is the relevant payload, these other ancillary masses, if properly attached to the
transporting mechanism, should be added to the sled weight and deducted fram the payload so as greatly
to improve the mass ratio value. A standard human male weight of 70kg was therefore used to recalculate
the mass ratios of all devices that could be identified as "man-rated.” The recalculated values are
presented in Table 4. The oorrected data indicate that eight devices can be operated with mass ratio
values of 10 or more and that another six can achieve values between 5 and 10.




A significant improvement in the reliability and accuracy of test data was originally
accomplished by enclosing test facilities, and thereby reducing the effects of temperature on components.
It may be difficult to achieve further improvements in reliability, except by careful procedure.

INSTRUMENTATION, DATA ACQUISITION AND REDUCTION

Tables 7 and 8 present details of the instrumentation capability at each test site. The number of
data channels and methods of on-line recording are indicated together with the frequency response of the
highest class reported, in Table 7. Reference to "Instrumentation for Impact Tests," (Society of
Automotive Engineers, J211a) allows evaluation of typical test capability fram this data. Recommended
applications for the various frequency classes of data channel have been proposed (Table 1) and data
filtering techniques to implement these recommendations are in common use (Reichert & Landolt, 1981).

Table 1. EXAMPLES OF CHANNEL CLASSES (Frequency)

{SAE J211a)
Typical Test Measurement Channel Class
Hz
Vehicle structural accelerations for use in:
Collision simulation 60
Component analysis 600
Integration for velocity or displacement 180
Belt restraint loads 60
Occupant :
Head acceleration 1000
Chest acceleration 180
Sled acceleration 60

Table 8 presents the accelerometer inventory at each facility, the dynamic and frequency range of
these instruments, and the maximum number available for test purposes. Recent refinements of J21)a as
incorporated in "Road vehicles - Techniques of measurement in impact tests - Instrumentation"

(1SO 6487-1980(E}), specify that the amplitude class (the upper limit of the measurement range) as well
as the frequency class must be given to define a data channel. Further recommendations refer to
recording and data processing standards, and transducer mounting specifications as a guide to meeting the
requirements of this International Standard.

Subcommittee 4 on Human Exposure to Mechanical Vibration and Shock of the International Standards
Organization (IS0}, Technical Committee 108 on Shock and Vibration (ISO/TC108/SC4) is workimg on a draft
standard* to provide guidance on human impact testing, the characterization of input and output data,
test subject selection and data interpretation. Additional documents aimed at partial standardization of
human impact testing methods and instrumentation are planned.

Direct transcription of data channels by magnetic or paper recording allows for later processing by
dedicated computors. Data processing capability generally includes real-time evaluation as well as
statistically validated review. Most facilities include high speed film capability. A film digitizing
program greatly increases the usefulness of such data, and routinely fiducial indicators are included in
all tests for this purpose.

The physical arrangement of a test site should also accommodate medical monitoring and physiological
recording if human subjects are involved. All weather enclosures for the various elements of an
integrated test site may establish a building expense that represents the major cost of the total
facility. Such environmental protection is however, vital to the repeatability criteria stated above.

Several representative test installations have been described in "Open Forum on Facilities for
Impact Studies" (AGARD Conference Proceedings No. 88 on Linear Acceleration of Impact Type, pp. Bl-1 to
R5-7, 1971). Other site details are presented in:

Anon 1980, Crashanlage, Bayerische Motoren Werke, A.G., Munich.

Huber, G. 1974. Eine Anlage fur Fahrzeug - Unfallversuche mit Linearmotor als Antrieb.
Rutomobiltechnische Z. 76:48-52.

Kallieris, D. 1974. Eine Fallgewichtsbeschleunigungsanlage zur Simulation von
Aufprallunfallen - Prinzip und Arbeitsweise. Z. Rechtsmedizin 74:25-30.

prevost, T. G. 1976. An Automotive Crash Test Facility 1976. Envirommental Activities
Publication A-3398. General Motors Corp. Warren, Michigan 48090.

Reichert, J. K. & Landolt, J. P, 1980. Impact Studies Facility. DCIEM Tech. Con. 80-C-03.
Defence and Civil Institute of Envirommental Medicine, Downsview, Ontario, Canada.

*1S0/TC108/5C4, Working Group 4, Secretariat: Acoustical Society of America, Standards Secretariat, 335
Fast 45th St., New York, Ny 10G17




Shaffer, J. T. 1976. The Impulse Accelerator. An Impact Sled Facility for Human Research and
Safety Systems Testing. AFAMRL~TR-~76~8. Aerospace Medical Research Lab., WPAFB, OH 45433,

Sievert, W. 1980. Die Aufprall - Versuchsanlage der Bundersanstalt fur Strassenwesen.
Automobiltechnische 2. 82:507-511.

RESEARCH GOALS AND METHODS

The ultimate goal of biodynamic impact testing is to establish human tolerance leveis in terms of
injury/fatality probabilities. A complete description of all factors that contribute to such an
evaluation is still beyond the state-of-the-art in biamechanics (SAE J885 APR 80). Several complications
prevent the direct correlation of injury to impact force. Individual tolerance levels are not precise,
quantitative values, and various individuals show large differences in their response to injury.

Research to date also indicates that different mechanisms of injury and resultant symptoms occur for each
impact direction. (von Gierke and Brinkley, 1975).

Semi-quantitative injury scales have been generated by different workers examining either the whole
body or segments (SAE J885 APR 80 for bibliography). However, extensive data collection is required to
begin to assess the influence of age, size, sex and weight on statistically valid populations. Each
research facility tends to identify a particular subset of this matrix for study in accord with its
operational mission and capabilities (Kazarian and Graves, 1977).

Human tolerance levels are investigated by indirect methods such as exposing volunteers to impact
forces below their injury levels, and through the use of cadavers or anesthetized animals. Though each
test subject offers some distinct advantage, there are inherent problems in the direct applicability of
the data. Volunteers are useful in determining the effects of muscle tone and pre-bracing on the
biodynamic response to impact. Since they cannot be tested into the injury range, volunteers can only
provide information about the upper boundary of the tolerance level. Furthermore, volunteers are usually
younsy, healthy, males who tend to have a higher pain threshold than the general population. Cadavers can
be employed when potentially injurious testing is performed. It is assumed that geometric and structural
characteristics will be the same as those of volunteers. However the age and the preparation of the
cadaver, and the time since death can affect the material properties of tissues and thus the failure
mechanisms of various organ systems. Animal testing is usually performed to study the injury mode
resulting from severe impact. However, the results of animal tests cannot always be adequately scaled to
quantitatively predict human tolerance limits due to differences in size, shape and other structural and
physiological parameters.

Data from testing strategies using wolunteers, cadavers, or animals have been used to develop human
surrogates. These may take the form of instrumented dummies or computor manipulated mathematical models.
These analogs must be sufficiently human-like so that their responses will be close to those of the
individuals they model. Continued refinement of instrumented dummies to achieve an anthropodynamic
surrogate is recognized as an immediate objective by most research teams. The kinematic response of the
dummy is determined by its body dimensions, mass distributions and joint characteristics (articulation
and motion resistance). Deformability, or the response of body regions under dynamic loading, will
determine the accelerations and deflections of each body segment during impact. Deformability properties
can be major factors effecting the overall realism of the test and thus the value of the data generated.
In some cases, specific research groups, depending upon whether their interests are primarily concerned
with land or air/space environments, will specially fabricate a segment, or modify a "standard" dummy.
Comparison of test data then becomes more difficult.

Mathematical models describing the dynamic response of the body, allow analysis of the complex
waveforms that more closely approximate real impact situations than can be simulated with uni-directional
impact testing. Several models have been developed that range in complexity from descriptions of single
tissues through subsystems such as the head and neck or the spine, to total body analogs. Refinement and
validation of these models and improvement of instrumented anthropodynamic dummies can lead to a more
complete analysis of impact protection requirements (AGARD-CP-253).

Seat restraint systems, force attenuation systems and impact surface evaluation are of concern in
determining the crashworthiness of vehicles. Animals, particularly non-human primates, as well as dummy
surrogates are of value in testing these components to failure. Animal tests are especially valuable in
suggesting injury mechanisms that can occur under specified occupant-vehicle configurations. Camparison
of test results with clinical information from field accidents often allows valid interpretation and
reconstruction of the injury mode, even though direct scaling fram animal data is not possible,
(Kazarian and von Gierke, 1978).
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TABLE 2

IMPACT TEST FACILITIES

NAME

DCIEM IMPACT STUDIES FACILITY

CENTRE D'ESSAIS EN VOL

ONSER

CENTRE D'ESSAIS EN VOL

CENTRE TECHNIQUE RENAULT

LAB. DE L'U.T.A.C,

LAB. DE L'U.T.A.C.

LAB. 2E L'U.T.A.C.

LAB. DE L'U.T.A.C.

INST. FAHRZEUGTECHNIK

BATTELLE~INSTITUTE. V.

KLINIKUM DER UNIV. HEIDELBERG

DAIMLER-BENZ AG

DAIMLER-BENZ AG

DAIMLER-BENZ AG

DAIMLER-BENZ AG

FIAT-CENTRO SICUREZZA

RAF, INST. AVIATION MED.

ROYAL AIRCRAFT ESTABLISHMENT

ROAD SAFETY ENGINEER LAB,
MIDDLESEX POLY.

PEPT. OF HUMAN SCI., UNIV. TECH.

MOTOR INDUSTRY RES. ASSOC.

MOTOR INDUSTRY RES. ASSOC.

SIMULA INC.

SIMULA INC.

S.R.I. INTERNATIONAL

NAVAL BIODYN. LAB

NAVAL BIODYN. LAB

BIOENGIN. CENTER, WAYNE STATE U.

BIOENGIN, CENTER, WAYNE STATE U.

BIOENGIN. CENTER, WAYNE STATE U.

DYNAMIC TEST FACILITY, FAA

CALSPAN CORPORATION

INLAND DIV. GENERAL MOTORS

TRANSPORT. RES. CTR. OF OH.

AF AEROSPACE MEDICAL RESEARCH LAB

AF AEROSPACE MEDICAL RESEARCH LAB

AF AEROSPACE MEDICAL RESEARCH LAB

AF AEROSPACE MEDICAL RESERACH LAB

AF AEROSPACE MEDICAL RESEARCH LAB

PROTECT. SURVIVAL LAB,, FAA

NAVAL AIR DEVELOPMENT CENTER

NAVAL AIR DEVELOPMENT CENTER

NAVAL AIR DEVELOPMENT CENTER

SOUTHWEST RES. INST.

DOWNSVIEW, ONT., M3M 3B9, CAN.
91220 BRETIGNY, AIR, FR.
69500 BRON, FR.

33630 CAZAUX, FR.

F-91 LARDY, FR.

91310 MONTLHERY, FR.

91310 MONTLHERY, FR.

91310 MONTLHERY, FR.

91310 MONTLHERY, FR.
D-1000 BERLIN, W. GER.
D-6000 FRANKFURT, W. GER.
1,6900 HEIDELBERG, W. GER.
SINDELFINGEN, W. GER.
SINDELFINGEN, W. GER.
SINDELFINGEN, W. GER.
SINDELFINGEN, W. GER.
ORBASSANO (TORING)-ITALIA
FARNBOROUGH, HANTS, UK.
FARNBOROUGH, HANTS, UK.

HENDON, NW4 4BT., UK.
LOUGHBOROUGH, LET1 3TU, UK.
NUNEATON, WARKS, CV10 OTU, UK.
NUNEATON, WARKS, CV10 OTU, UK.
TEMPE, ARIZONA 85282

TEMPE, ARIZONA 85282

MENLO PARK, CA. 94025

NEW ORLEANS, LA. 70189

NEW ORLEANS, LA. 70189
DETROIT, MI. 48202

DETROIT, MI. 48202

DETROIT, MI. 48202

ATLANTIC CITY, NJ 08405
BUFFALO, NY. 14225

DAYTON, OH. 45401

EAST LIBERTY, OH.
WRIGHT-PATTERSON AFB, OH 45433
WRIGHT-PATTERSON AFB, OH 45433
WRIGHT-PATTERSON AFB, OH 45433
WRIGHT-PATTERSON AFB, OH 45433
WRIGHT-PATTERSON AFB, OH 45433
OKLAHOMA CITY, OK. 73125
WARMINSTER, PA. 18974
WARMINSTER, PA. 18974
WARMINSTER, PA. 18G74

SAN ANTONIO, TX. 78284
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FACILITY DESCRIPTION

PRINCIPLE OF OPERATION MAN*
ID# AND/OR PULSE SHAPING RATED

TRACK LENGTH/
TOWER HEIGHT(m)

I. HORIZONTAL IMPACT DECELERATORS

II. VERTICAL IMPACT DECELERATORS
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3 Deformable Plastic Tube Q)
4 Solid Fuel Rocket N
5 Barrier Crash (1
6 Elastic Cord/Polyurethane Tube N
7 Elastic Cord/Polyurethane Tube N
8 Winch N
10 Drop Weight/Metal Strip [GD)
1B Bungee/Metal Strip Y
12 Drop Weight/Metal Strip (M
13 Linear Induction Motor Q)]
15 Bungee/Barrier Crasn Q)]
16 Bungee/Barrier Crash (@)
17 Electric Drive/Barrier
Crash )
18 Bungee/Steel Cable Y
22 Linear Induction Motor QD)
26 Pneumatic Piston (2)
29 Pneumatic Y
30 Pneumatic b4
32 Pneumatic N
34 Pneumatic N
39 Hydraulic Piston Y
'3 Deformable Metal Wire N
45 Bungee/Pneumatic Rebound Y
9 Gravity N
21 Honeycomb/Tear Webbing (3)
25 Gravity N
N Pneumatic N
36 Gravity/Hydraulic Piston Y
38 Gravity/Honeycomb N
4y Metal Brakes Y
1 Hygee 12 (3)
14 Hygee 12 &)
20 Rubber Cord N
23 Hygee 12 N
24 Gravity N
27 Hygee 12 Y
33 Hygee 12 Y
35 Hygee 24 N
40 Hygee 24 Y
42 Hygee 12 Y
2 Solid Fuel Rocket N
19 Ejection Catapult 3
28 Hygee 6 N
37 Hygee 6 N
43 Ballistic Y
NOTES

(1Y L.formation Not Supplied

(2) Model Structures Tested Only

13} Not U.S. "Man Rated", but safe for use
in human studies

= oemw
FornID
LGLvo

PAYLOAD WT (Kg)
SLED 3

SLED 1

SLED 2

300.,0
1000.0
10000.0
200.0
200,0
200.0
500.0
300.0
611.4
10000.0
670.0
250.0

20000.0
250.0
4536.0
36.3
1121.0
122.3
286G.0
861.8
636.0
1000.0
1814.4

200.0
120.0
)
91.7
909.0
45.5
317.5

2268.0
2500.0
800.0
1818.0
(1)
2268.0
1587.6
4536.0
4550.0
1361.0

100.0
1)
227.2
57.0
362.9

10000.0
700.0
700.0
700.0

309.0

700.0

181.4

1450.0

3414

#"Man-rated" means use of facility with human test subjects after satisfying formal or informal

local or national safety requirements,

i=Yes
N=No
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(1) Sled Wt/Fayload Wt,
AGARD Conference

277.00
1182.00
309.00
81€.00
364,00
408.00
907.00
68.00
589.70
385.60

(Chandler, R.F. 1971,

21 Irformation not supplied.

TABLE 4
SLED CHARACTERISTICS

PAYLOAD WT.
Kg
2268.00%
100.00
300,00
1000.00
10000.00
10000.00
200.00
700.00
200.00
700.00
200.00
700.00
200.00
700.00
500.00
300.00%
611,40
10000.00
2500.00
670.00
250.00
20000.00
250.00%
(2}
800.00
120.00%
4536 .00
1818.00
(2)
()
36.29
2268.00%
181.40%
2y ,37%
227.24
1121.00%
122.30%
91.70
2860.00
1587 .60%
861.80
1453600
909.00%
57.00
45.50
636.00%
909.00%
4550.00%
1450,00%
1000.00
1361.00%
362.90%
317.50%
1814,40%

MASS RATIO (1)
0.32 (10.37)
0.75
1.67
1.50
1.50
1.50
2.00
1.14
2.00
1.14
2.00
1.14
2.00
1.14
2.00
0.47 (2.00
0.63
0.40
0.69
0.72

1.54 (5.51)
0.61
1.67 (2.86)

0.60

0.25

0.40 (12.96)
1.46 (3.79)

0.48 (2.36)

0.49

0.53 (8.56)

4,83 (8.44)

.1

(13.15)

(13.00)

(16.89)
(13.00)
(11.69)
(5.20)

.

(12.96)
(0.97)
(8.u42)
(5.51)

O -2 000O0O0O 222004000
NP A EN 2 QOO MWW
S, NO NN OO

Discussion on Facilities for Impact studies.
Proceedings No. 88, p. xxxv.)

*Man-rated, 70kg used as payload to recalculate mass ratio values, (in parentheses).
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WAVEFORM
1/2 SINE
OTHER
SAWTOOTH
RECTANGLE
TRAPEZOIDAL
SINE
SINE
SINE
SINE
SINE
TRAPEZOIDAL
RECTANGLE
TRAPEZOIDAL
TRAPEZOIDAL
1/2 SINE
TRIANGLE
TRAPEZOIDAL
RECTANGLE
OTHER
1/2 SINE
TRIANGLE
TRAPEZOIDAL
RECTANGLE
OTHER
1/2 SINE
TRIANGLE
TRAPEZOIDAL
RECTANGLE
OTHER

1/2 SINE
TRAPEZOIDAL
1/2 SINE
TRAPEZOIDAL
TRAPEZOIDAL

1/2 SINE
RECTANGLE
SAWTOOTH
1/2 SINE
TRIANGLE
TRAPEZOIDAL
1/2 SINE
TRIANGLE
TRAPEZOIDAL
RECTANGLE

SINE

1/2 SINE
TRAPEZOIDAL
SAWTOOTH
OTHER

SINE

1/2 SINE
TRIANGLE
TRAPEZOIDAL
SAWTOOTH
OTHER

1/2 SINE
TRIANGLE
TRAPEZOIDAL
RECTANGLE
SAWTOOTH
1/2 SINE
TRIANGLE
TRAPEZOIDAL
RECTANGLE
SAWTOOTH

h—f

TABLE 5
AVAILABLE WAVEFORMS

RANGE ACCEL G

0.00 - 50.00

DURATION ms(1)

97.00

PIN DESIGN CAPABILITY FOR VARIOUS WAVEFORMS

1.00 - 40.00

NEARLY ANY SHAPE IS POSSIBLE

5.00 40.00
5.00 40.00
- 30.00

(2)

[ T S S B I O |

80.00

DEPENDENT ON SLED VELOCITY AND DECELERATION

DEPENDS ON IMPACT SURFACE AND VEHICLE

—
[ B SN I |
~

2,00 - 50.00 200.00

20.00 - 32.00 100.00

12.00 - 14.00 FUNCTION OF SLED VELOCITY
- 10.20 200.00

DEPENDS ON VEHICLE TYPE AND BARRIER
- 50.00 130.00
- 50.00 130.00
- 50.00 130.00

10,00 - 300.00 -

DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON
DEPENDENT UPON

5.00 ~ 50.00
5.00 - 50.00
5.00 ~ 50.00
5.00 ~ 50.00
5.00 ~ 50.00
5.00 - 50.00
5.00 ~ 50.00
5.00 ~ 50,00
5.00 -~ 50.00
5.00 ~ 50,00

DYNAMICS

SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION
SLED-WEIGHT AND ACCELERATION

300.00
300.00
300.00
300.00
300.00
300.00
300.00
300.00
300.00
300.00




TABLE 5 QO

AVAILABLE WAVEFORMS

NTINUED

WAVEFORM RANGE ACCEL G DURATION ms(1)
1/2 SINE 5.00 - 50.00 300.00
TRIANGLE 5.00 - 50.00 300.00
TRAPEZOIDAL 5.00 -~ 50.00 300.00
RECTANGLE 5.00 - 50.00 300.00
SAWTOOTH 5.00 - 50.00 300,00
1/2 SINE 3.00 - 50.00 120.00
TRIANGLE 55.00 MIN, (2) 50.00
TRAPEZOIDAL 5.00 - 40.00 150.00
SAWTOOTH 55.00 MIN, (2) 50.00
OTHER 70.00 MIN, (2) 150.00
OTHER PROGRAMMABLE TO SIMULATE GIVEN VEHICLE
1/2 SINE 2.00 - 100.00 100.00
TRAPEZOIDAL 5.00 - 50.00 130.00
OTHER 0.00 - 24.00 100.00
172 SINE - -
TRIANGLE - -
1/2 SINE - -
TRAPEZOIDAL - -
RECTANGLE - -
SAWTOOTH - -
RECTANGLE 10.00 - 600.00 24,00
1/2 SINE - 100.00 67.00
TRIANGLE - 100.00 76.00
TRAPEZOIDAL - 100.00 49,00
SANTOOTH - 100.00 93.00
OTHER - 100.00 -
1/2 SINE 1.00 - 150.00 55.00
TRIANGLE 1.00 - 150,00 70.00
TRAPEZOIDAL 1.00 - 150,00 50.00
RECTANGLE 1.00 - 150,00 35.00
SAWTOOTH 1.00 - 150,00 70.00
OTHER 1.00 - 150,00 -
1/2 SINE DEPENDENT UPON VELOCITY AND DECELERATION
TRIANGLE DEPENDENT UPON VELOCITY AND DECELERATION
TRAPEZQIDAL DEPENDENT UPON VELOCITY AND DECELERATION
SAWTOOTH DEPENDENT UPON VELOCITY AND DECELERATION
1/2 SINE - 40,00 100.00
TRIANGLE - 40,00 100.00
TRAPEZOIDAL ~ 30.00 100.00
OTHER (2) -
TRAPEZOIDAL 4,00 - 30,00 300.00
TRIANGLE - -
TRAPEZOIDAL - -
SINE .50 - 60.00 375.00
1/2 SINE .50 - 60.00 375.00
TRIANGLE .50 - 60,00 375.00
TRAPEZOIDAL .50 - 60.00 375.00
RECTANGLE .50 - 60.00 400,00
OTHER - ~

NOTES

(1) IF RANGE REPORTED, MAXIMUM GIVEN

(2) SEE DATA SHEET




TABLE 6

I. PERFORMANCE PARAMETERS (HORIZONTAL)

ACCELERATION JoLT VELOCITY STROKE REPEATABILITY (PEAK)*

ID# G Gs~1 ms-! m Gt VELOCITY %
1 50.00 4000.00 29.50 2.44 2.00 2.00
3 30.00 27.78 2.00
4 60.00 75.00 900.00 150.00 95.00 90.00
5 5.00 1.00
6 100.00 35.56 5.00 1.00
7 100.00 35.56 5.00 1.00
8 100.00 35.56 5.00 1.00
10 1.50 22.35 0.80 5.00 5.00
n 40.00 2500.00 19.50 0.80 5.00 1.00
12 40.00 27.78 97.00 100.00
13 13.90 1.00
14 80.00 36.11 1.00 0.50
15 80.00 36.11 1.00 0.50
16 80.00 36.11 1.00 0.50
17 38.88

18 50.00 1000.00 15.00 0.90 1.00 0.25
20 50.00 22.22 1.00 5.00 4.00
22 INDETERMINATE ~ INDETERMINATE 22.35 INDETERMINATE 1.00
23 50.00 27.78 3.00 2.50 2.50
24 50.00 20.00
26 300.00 30.46 6.91 5.00
27 200.00 50.00 40.00 1.70 1.00 1.00
29 50.00 2500.00 30.00 2.00 5.00 5.00
30 50.00 2500.00 30.00 2.00 5.00 5.00
32 15.00 27.30 91.00

33 72.00 24.59 2.44 2.50 2.50
34 50.00 17.88 1.37 2.00
35 100.00 44.70 1.83 1.00 1.00
39 100.00 10000.00 38.10 1.42 5.00 3.00
40 150.00 4000.00 51.51 2.56 1.00 1.00
41 50.00 2000.00 20.00 5.50 4.60 0.32
42 50.00 30.50 1.50 2,50 2.50
45 60.00 6000.00 31.29 0.50 2.00 4.00

II. PERFORMANCE PARAMETERS (VERTICAL)
ACCELERATION JOLT VELOCITY STROKE REPEATABILITY (PEAK)*

ID# G Gs-1 ms—! m G3 VELOCITY %
2 30.00 100.00 120.00 25.00

9 100.00 35.56 5.00 1.00
19 20.00 300.00 20.90

21 100.00 6.00 1.50 20.00

25 50.00 20.00
28 15.00 500.00 14.70 0.68 1.00 1.00
31 25.00 2500.00 20.00 2.00 5.00 5.00
36 80.00 500.00 17.07 1.22 7.50 7.50
37 150.00 3200.00 17.98 0.48 2.00 2.00
38 600.00 14.02 95.00 99.00
43 30.00 3000.00 22.90 1.90 5.00 5.00
44 55.00 1000.00 25.90 1.50 5.00 3.00

*Deviation from a programmed test value under idealized test conditions for multiple
tests. See p. 7 for further discussion.
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TABLE 7
INSTRUMENTATION DESCRIPTION

NO. FREQ CLASS RECORD.
CHANNELS (KHZ) METHOD
69 40.0 FM TAPE
CHART, A/D
14 1.0 TAPE
CHART
50 1.0 TAPE
CHART
IN COMPLIANCE WITH IRIG STANDARDS TAPE
CHART
80 1.0 TAPE
50 1.0 TAPE, CHART
PAPER REC.
50 1.0 TAPE, CHART
PAPER REC.
50 1.0 TAPE, CHART
PAPER REC,
50 1.0 TAPE, CHART
PAPER REC,
48 1.0 TAPE, PCM
10 1.0 TAPE
30 TAPE
75 0.6 CHART
75 0.6 TAPE
75 0.6 TAPE
75 0.6 TAPE
96 1.65 TAPE, CHART
14 0.2 TAPE, C.R.O.
12 0.1 CHART
11 1.0 TAPE
16 1.0 CHART
6 0.5 TAPE
65 10.0 TAPE
PAPER
28 1.0 TAPE
GALVANOMETER
26 TAPE, CHART
26 TAPE, CHART
28 TAPE
88 12.0 TAPE, CHART
88 12.0 TAPE, CHART
73 1.0 TAPE, A/D
CHART
73 1.0 TAPE, A/D
CHART
40 1.0 TAPE, A/D
CHART
IN THE PROCESS OF UPDATING
54 1.0 M TAPE, DDAS
50 1.0 FM TAPE, CHART
64 1.0 TAPE, CHART
50 10.0 TAPE
9 2.0 TAPE
30 2.0 TAPE, CHART
50 10.0 TAPE, A/D
CHART
50 10.0 TAPE, CHART
DIGITAL
42 1.0 TAPE, ANALOG
CHART
28 1.0 TAPE, CHART
25 7.0 TAPE, OSCILL.
CHART
25 1.0 TAPE
CHART
28 5.0 ANAL/DIG. REC
OSCILLOGRAPH

TRANS.
METHOD

—————

FLYING LEAD

FLYING LEAD
FM TRANSMISS
FLYING LEAD
FM TRANSMISS
FLYING LEAD
FM TRANSMISS
FLYING LEAD
FLYING LEAD
FM TRANSMISS
FLYING LEAD
FM TRANSMISS
FLYING LEAD
FM TRANSMISS
FLYING LEAD
FM TRANSMISS
FLYING LEAD
FLYING LEAD
FM TRANSMISS
FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD
FM TRANSMISS
FLYING LEAD

FM TRANSMISS
FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD

FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD

FLYING LEAD
FLYING LEAD

FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD
FLYING LEAD
FM TRANSMISS
FLYING LEAD
FM TRANSMISS
FLYING LEAD

FLYING LEAD
FLYING LEAD

FLYING LEAD
FLYING LEAD




ID#

WO @11 & LW

TYPE
PIEZO RES,
INDUCTANCE
PIEZO RES,
PIEZO RES,
INDUCTANCE
PIEZO ELECT.
n
PIEZO ELECT.
PIEZO RES.
PIEZO ELECT.
PIEZO RES.
PIEZO ELECT.
PIEZO RES.
PIEZO ELECT.
PIEZO RES.
ENDEVCO
ENDEVCO
HOLTINGER
ENDEVCO 2264
1§D
CEC
ENDEVCO
CEC
ENDEVCO
CEC
ENDEVCO
PIEZO RES.
PIEZO RES.
PIEZO RES.
KYOWA
SMITH ALV 662
PIEZO RES.
PIEZO ELECT
STRAIN GAUGE
STRAIN GAUGE
STRAIN GAUGE
PIEZO RES.
STRAIN GAUGE
PIEZO RES.
SEE DATA SHEET
PIEZO RES,
PIEZO RES,
PIEZO RES,
STRAIN GAUGE
PIEZO ELECT.
PIEZO RES,
STRAIN GAUGE
PIEZO ELECT.
PIEZO RES,
STRAIN GAUGE
PIEZO ELECT.
SEE DATA SHEET
CEC
ENDEVQO
KISTLER
PIEZO RES.
ENDEV, 7232C
ENDEV, 2260C
ENDEV. 7267C
CEC 4-202
PIEZO RES.
PIEZO RES.
PIEZO RES.
PIEZO RES.
PIEZO RLECT.
STRAIN GAUGE
PIEZO RES.
STRAIN GAUGE
STRAIN GAUGE
STRAIN GAUGE
STRAIN GAUGE
ENDEV 2264
ENDEV 7264
ENDEV 2260

ACCELEROMETER DESCRIPTION

TABLE 8

MAX. NUMBER USED

DYNAMIC RANGE (G) FREQ. RANGE (KHZ) SLED SUBJECT
0.00 - 5000.00 0.00 - 2.00 (N (1)
0.00 - 50.00 - (2) 9

- - (2) 9

10.00 - 1000,00 - 5 12
10.00 - 200.00 - 1 (2)
- - 1 ¥

- - 8 8

1.00 - 1000.00 - 40 9
1.00 - 1000,00 - 40 9
1.00 - 1000.00 - ug 9
1.00 - 1000.00 - 40 9
1.00 - 1000.00 - 4o 9
1.00 - 1000.00 - 40 9
1.00 - 1000,00 - 40 9
1.00 ~ 1000.00 - 4o 9
- 750.00 - 2.00 1 9

- 2500.00 - 9.00 1 9

0.00 - 600.00 - 5.00 1 g
-2000.00 - +2000.00 - 27.00 1 29
- - Q)] n

- 250.00 - 1.00 2 6

- 750.00 - 2.00 2 3

- 250.00 - 1.00 2 6

- 750.00 - 2.00 2 3

- 250.00 - 1.00 2 6

- 75C.00 - 2.00 2 3

~ 200.00 0.00 - 1,10 50 16

~ 250.00 0.00 -~ 2.00 50 16

~ T750.00 0.00 ~ 2.00 50 16
-50.00 ~  +50.00 DC -~ 0.75 1 (2)
~ pC -~ 1.00 ) 1)

0.00 ~ 1800,00 - 2 1
0.00 « 5098.40 0.00 - 20.00 (n (1)
~ 750.00 - n Q)]

0.00 ~ 750,00 0.00 - 2.00 1 9

-100.00 -~ +100.00 - 0.50 3 8

=100.00 ~ +100.00 - 2.00 3 8

~100.00 -~ +100.00 - 0.50 3 8

=-100.00 - +100.00 - 2.00 3 8

- - 1) Q)]
0.00 - 500.00 0.00 - 20.00 3 18
0.00 - 500.00 0.00 - 20.00 3 18
0.00 - 2000.00 0.00 - 1.00 4 36
0.00 - 200.00 0.00 -~ 0.50 ] 36
0.00 - 1000.00 0.01 ~ 40.00 4 36
0.00 - 2000.00 0.00 -~ 1.00 4 36
0.00 - 200.00 0.00 ~ 0.50 b 36
0.00 - 1000.00 0.01 - 40.00 ) 36
0.00 - 2000.00 0.00 - 1.00 ) 36
0.00 - 200,00 0.00 - 0.50 4 36
0.00 - 1000.00 0.01 - 40.00 4 36

- - ) M

~250.00 - +250.00 - 2.00 100 40

~750.00 - +750.00 - 100 40

~100.00 - +100.00 - 1.00 100 uo

- 750.00 0.00 - 2.00 1 6

~750.00 -~ +750.00 0.00 - 2.00 3 61

~250.00 - +250.00 0.00 - 2.00 3 61

=750,00 - +750.00 0.00 - 2.00 3 61

-250.00 - 250.00 0.00 - 2.00 3 61

- - 1 (2)
0.00 - 250.00 DC - 2,00 1 2)
0.00 - 250.00 - 21 9
- 500.00 0.00 - 3,00 5 12
- 250.00 0.00 - 3.00 5 12
- 250.00 0.00 - 0.25 5 12
- 250.00 - 6 9
10.00 -  250.00 0.00 - 1.00 (2) (2)

~100.00 - +100.00 - 0.7% 2 9

~100.00 ~ +100.00 0.00 -~ 0.75 2 9

-100.00 ~ +100.00 0.00 - 0.75 2 9

-2000.00 - +2000.00 0.00 ~ 5.00 2 24
~2000.00 -~ +2000.00 0.00 ~ 5.00 2 24
-250.00 - +250.00 0.00 ~ 2.00 2 24

(1) INFORMATION NOT SUPPLIED; (2)

SEE DATA SHEET
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WATO/RGRRD

rpecl Teoy racillvy Lurvey

“'AIE_,;A Vi L -

.- O]

SuLid BOCKET

Euselo AU GLOC pis ,g IPfbldo A
‘xkut ESSALS urs PRUFSLOLL NS Lh
RIS

c, Vertical
G, Tower Feighu

Lok

[ 300K i il i
L 1 i
A il L
L 1 i 1 bl

304 (max) 3 (niin usaoie)
100,75 (niax) lWess  {ran usaole)
1200/ (max) ____ (win usevle)

2504 (max) (rin usaolie)
Range of
Acceleration

Duration

¢.Z. 1/2 Sine

e¢.3. Trianzle

e i, Trapezoidal

¢.b. Rectangle

e,u. Sawtooth

e.7. Other (indicate)

-

Repeatapbility
f.l., Peak G

<_

f.2. Peak Velocity _____Z

5. Instrusentation
a. Humber of Channels

. Frequency Response/Class INSTRUMENTS AU_STARDARD ZIRIG

c. Method of recording
c.l. Tape

c.2. Chart

X
X

¢.3. Other (specify)

d. Methoc of Transmission
d.1l. Flying lead

u.2. FM Transmission

X
X

e. Accelerometers
e,l. Types

’ ’(‘
0 A 50g

e.2. Dynamic Range
e.3. Frequency Range

e, U, Nunber

e.4,a. on sled

__VARIABLE
e 4.b, on subject/qumy 9

f. Other Parameters Monitored
PHOTOELECTRIQUE ET DEUX RAMPES DE

_ COURSE. DU CHARIOT RESTITUEE PAR C .

LAMPES ,




16

HATO/AGaRD

Lipact Teut Facilivy Lurvey

Nerae ana Aderees of racilivy

Lawe ot tirector/tanager

bate rootlity occanw
operaticnal

frinciple of Uperation

Vain tce/Tesu Typo

4, Man Koted:
yus o

Desoriptive Detalls
a., Horizortal
b. Trace Longtn

N S
——

€, Sled Characteristics
¢ole Weight (nax)
e.2. Wiatn (wax)
e.3. Length (niax)

f. Payload Characteristicy
.l Weignt (wax)
f.2. Width (max)
t.3. Length (max)
.4, Range of Orientation

Performance Parameters
a, Acceleration

b. Jolt

c, Velocity

a. Stroke

c. Waveforn: (Check all that Apply)

e, l. Sine

ROULLERE (CHSER) .
109 AVE SALVADOR ALLENDE __ . _ —
0990y BRI FRANCE
Jy LEROY ———
s R

CAR_CRASH JELT

Vertical
g, Tower tel, ot

Sled #) 11 _Sled g d1 Slea wi ]
U0 ]

Lok 10 el
L__Lhﬂiﬁg.--Ji _________ 10 S

Locdeo ) I Saecwg Ul clea il ]
L 300k 1 U 1 U |
L e i 1
L i 1L 1
L It 1 1

30k, (uax) ____ __ (uin usavle)

100/t (max) _ (win usable)

(max) __ __ _(min usavle)

.00 (nax) lmin usaole)
Range of

Acceleration bDuration

. 1/2 Sine

.

. Triangle

Trapezoidal

. Rectangle

. Sawtooth

2.1
e.2
e.3
el
e.5
e.b
e,7. Other (indicate)

f. Repeatability
f.1l. Peak G

o

*
{.2. Peak Velocity 2 %

Instrunentation
a. Number of Channels

50

b. Frequency Response/Class

1000tz

c. Method of recording
c.l. Tape

c.2. Chart

X
X

c.3. Other (specify)

d. Method of Transmission
d.l. Flying lead

d.2. FM Transmission

e. Accelerometers
e.l. Types
e.2. Dynamic Range
e,3. Frequency Range

e, 4, Nuaber

e.4,a, on sled

_n

2.4.b. on subject/dumy 12

f'. Othier Parameters Monitored:_ FORCE, PrESSURE




NATO/AGARD

Impact Test Facility Survey

ID

1, Name and Address of Facility

2. Name of Director/Manager

3. Date Facility became
operational

4, Principle of Operation

5. Main Use/Test Type

a. Man Rated:
yes, no__X

6, Descriptive Details

CENTRE D'ESSAIS EN VOL
BASE D'ESSAI DE CAZAUX =
33630 CAZAUX, FR.

INGENIEUR EN CHEF SIX

1967 —

RAIL D'ESSAIS (ROCKET-SOLID FUEL,
EJECTION SEAT)

IMPACTS
TRAJECTOIRES ACCFLEREES
IRAJECTOIRES A VITESSE CONSTANTE

a. Horizontal X ¢. Vertical

b. Track Length 00m d. Tower Height

e. Sled Characteristics L Sled #1 1[ Sled #2 J[ Sled #3 ]
e.1l, Weignt (max) [CHARIOTS [  1500kg If 1 1
e,2. Width (max) SPECIFIQUES[ m 1 ik e ]
e.3. Length (max) A L'ESSAI] [ sm 1 1L 1

f. Payload Characteristics [ Sled #1 1{ Sled #2 1{ Sled #3 ]
f.1. Weight (max) [ _1o00kg 1L 1L 1
f.2. Width (max) [ _o8m ][ 1L 1
f.3. Length (max) L 4m [ 1L 1
f.4. Range of Orientation L L 1L 1

7. Performance Parameters¥
a. Acceleration

608 (max) 10g (min usable)

b. Jolt __75%/s _ (max) 25 (min usable)
c. Velocity 900m/s _ (max) 20 (min usable)
d. Stroke 150g (max) 108 (min usable)
e. Waveform: (Check all that Apply) Range of
Acceleration Duration
e.l. Sine e
e, 2, 1/2 Sine
e.3. Triangle i o
e.l4, Trapezoidal O
e.5. Rectangle e
e.6. Sawtooth _
e.7. Other (indicate)
#PROPULSION PAR 1 A 86
f. Repeatability ROQUETTES DE 68 mm -
f.l. Peak G _ 95 % FREINAGE HYDRODYNAMIQUE OU
f.2. Peak Velocity __ 90 % RETROPRCPULSION

8. Instrumentation
a. Number of Channels

SUIVANT LE NOMBRE DE_TELEMESURES AU

STANDARD IRIG

b. Frequency Response/Class

c. Method of recording
c.1l, Tape

c.2. Chart

c.3. Other (specify)

d. Method of Transmission

d.1. Flying lead
d.2. FM Transmission

e, Accelerometers
e.l. Types A
e.2. Dynamic Range
e.3. Frequency Range

10 A 200g

CTANC IEZOELEC

e.4, Number

e.4.a, on sled

1

e.4.b, on subject/dummy SUIVANTR SON INSTRUMENTATION

f. Other Parameters Monitored:_CAPTEUR DE DEPLACEMENT, POSSIBILITE DE
TRAJECTOGRAPHIE PAR CINETHEODOLITES,




ID #5

1.

NATO/AGAED

Impact Test Facility Survey

liame anu Acdreus of Facility

tame of Lirector/Manager

Date Facility became
operational

Principle of Operation

Main Use/Test Type

a,

Man Rated:
yes no

Descriptive Details

a.
0.

e,

Horizontal
Track Lenpgth e
Sled Characteristics

e.l. Weight (max)

e.2. Width (max)

e.3. Length (max)

Payload Characteristics
f.l. Weight (max)

f.2. Width (max)

f.3. Length (max)

f.4. Range of Orientation

Perfortiance Parameters

a0 Cw

<

. Acceleration

Jolt
Velocity
Stroke

Waveform: (Check all that Apply)

Sine
1/2 Sine

LEARLY ANY
SHAPE 15

CENTRE_TECHMIQUE RELAULT DE LAKDY
L LiRDY (FRALGE

M, PHILIPPE

1975

ALL TYPES OF ACCIDENT SIMULATIONS OR
RECONSTRUCTIONS

¢, Vertical
d. Tower tleight

pl 10 Sled # sleg i

t]

L sm 1L Sm_ 3 1
L B 1 1

(min usable)
(min usable)
(min usable)
{(min usable)

(max}
(max)
(max)
(max)
Range of
Acceleration

Duration

Triangle

POSSIBLE

Trapezoidal

Rectangle

Sawtooth

Other (indicate)

. Repeatability

f.l. Peak G

Instrumentation

3.
b
C.

[=3
.

—
.

Number of Channels

. - S
f.2. Peak Velocity | %

80

Frequency Response/Class

1000

Method of recording
c.l. Tape

c.2. Chart

c.3. Other (specify)

Method of Transmission
d.l. Flying lead

d.2. FM Transmission

Accelerometers
e.l. Types

e.2. Dynamic Range

e.3. Frequency Range

e.4. Number

e.4,a, on sled

<

<80
e.4.b. on subject/dummy <40
Otner Parameters Monitorea:_ FORCE, DEFLEXION OF DUMMY, SPEEDS, ETC.




LATO/AGARD

Impact Test Facility Lurvey

s, v, o, 9

1. lame andg foaress of Facilivy

Zo o hame of Director/Manager

racllity be

Operratlonsl

Se WGl ane

4. Frincipic of Jdperation

Yo no_g&

t. Lescriptive betalls
a, Horizontal
v, Track Lergih

¢, Slea Cnaracteristics
el Weignt (max)
& Wicthi (max)
.5, Lengin (max)

=%

1. Weignt (max)
2. Wictn (nax)
3 th (max)

7. Perfcrmance Paraetcrs
g, Acceleraticn
o, Jolu
G Velocivy

. S\Lr'« r‘:'.'

U.owaverorn

PRI AN I RS SN
PR taty .
. 14 late
. ir
e L aly

(e ity )

3. Mebtios O iranuonsiossion
Lo FayLN 1wdy
s BN Tranona

el serarelerd

ol

Code Ty

£au hare

et Fregaenc, raty e
G deutsbior
et Ul
g, oo

-3
06/ 200/ 00

ol Jricntation

COR sa. WLGL ARply)

roAr
AVTODROME DR LINAS-MONTLEERY
319 MONTLHERY

FEANCE

1406

ShnpPOV, PUWER

B WINCH, UhAYaY

c. Vertical
u. Tower Hei,nt

L oSdeC #l L sied Bg Ji_Jagu i
L 400K - N

L r.eu 1. i .

1.5m 1L 4l " J

LoSieu #1141 Siee #e  Jp Zivu #3
L SUGk i . ai J
L 1o e ir .
L 1.90m _ { B i
fo ro 1oC Jle to 1eC If .
1005 (iiax) (m1n usavli«)
Cliax ) (viln usavle)
GLrm/iy  (max) Giazn usavle)
max) (rln usaviv)

Ra.ige of
Acceleration Duratvior

k‘U
£u=100=30U~000=100J

YRo

YES

PiPER RECURLER (U,V,)

YES

JON)

1. L Torararelor: Swoniloregi_




NETO/AGARD

sopant Test roellivy surviy

i Lore CorLlia:ty
e SloLarecwerSlan Foar, e Suiie HEEMALL A S -
B O Y I S L
IR LRI I R . —
Froiaap o locperat o N T TS e .
. . L
e eldh.
. - v.  Vertilal __
. RS ol do o Tower Feipat Ta _
S el Lnarioleristlo. IR 2 U VR OO S S ST
eke whign {edx) L 1000K; Ak et
Cace wiutn Lmax) L 1h0c  IL il e
ez benoun (Lax) L o i B

1. sdywois Craracleristics [ oSlen 41 1 SLEQ g LleQ #3

Teae eignt (nax) L 500kg il 1L s
tor, titctn (nax) L 15%cm ] BN -
tone Longtn Crax) L 200em 1 i

1.4, Rar, o of Crientation larvigrary ][ JI 1

Perlornancoe rarameters

. ACCuleration 1.5, (max) (110 usavie)
. Jolu (rax) L usabli)
o, VYelocaty S0mpts (nax) (man usatie)
d. Stroie ool (rax? (an usoLlie)
Co Mavetorr.: (Cneeiw @bl tnat Apply) Ran;
Acceleration Juravion

.1, Sine

e.2. 1/¢ Sine

e.3. Triangle

c.4. Trapezoiaal X L=HU;

¢.5, Rectangle X

e.0, Sawtooth

v.7. Other (indicate)
t. Repeatavility

f.1. Peak G 9 »
f.2. Peak Velocity ___ % %

Imstrusentation
a, liumber of {hannels 4o
o. Freguency Response/Class 100U
c, Methou of recording

cole Tape PCM

c.2. Chart

¢ 3. Otner (specify) -

J. Metnod of Transmission
a.l. Flying lead X
a.2. FM Transmission
¢, Acceleropmeters
eol. Types ENDEVCO . ENDEVCO o
e.¢. Dynamic Range 150g 25004
e.3. Frequency Range £0008z 9OU0HZ
¢4, Number
c.4.a, on sled 1
e l.b, on subject/qummy ]

f. Other Parameters Monitored:__FORCES, FILM




NATC/AGARD

Impact Test Facility Survey

ID #

1.

ny

Name and Address of Facility

Name of Director/Manager

Date Facility became
operational

Prirciple of Operation

Main Use/Test Type

a. Man Rated:
yes__X no,

Descriptive Details
a. Horizontal
b. Track Length 1

3 <

e. Sled Characteristics

IMPACT CATAPULT TAPULTANLAGE)
BATTELLE - INSTITUTE V,

AM_ROMERHOF 35
D-6000 FRANKFURT AM MAIN 90/W, GERMANY

DIPL,-ING, G, RUTER

1965

STRETCHED_BUNGEE CABLE TO IMPACT
STEEL_STRIP __

PASSENGER_SAFETY, ALL TYPES OF
VEHICLES

c. Vertical
d. Tower Height

[ Sled #1 Sled #2 _,§; ed #3

e.l. Weight (max) [ 1u0kg 1f 1
e.2. Width (max) [ .85m 1l JLA, 1
e.3. Length (max) [ 2.9m [ 1 1
f. Payload Characteristics Sled #1 1[ Sled #2 Sled #3 ]
f.1. Weight (max) LAA,%OOKR 1[ 1
f.2. Width (max) [ 1 7m ] JLA, 1
£.3. Length (max) [ 3.0m 1L 1L 1
f.4. Range of Orientation . 1L 1L ]
Performance Parameters
a. Acceleration 40g (max) (min usable)
b. Jolt 2500g/s (max) ___ (min usable)
¢. Velocity 10km/h  (max) S0knm/h  (min usable)
d. Stroke 800mm__ (max) (min usable)
e. Waveform: (Check all that Apply) Range of
Acceleration Duration
e.l. Sine _
e.2. 1/2 Sine .
e.3. Triangle
e. 4, Trapezoidal X 308 80ms
e.5. Rectangle
e.6. Sawtooth
e.7. Other (indicate)
f. Repeatability
f.l. Peak G 5 %
f.2. Peak Velocity 1 %
Instrumentation
a. Number of Channels e

b. Frequency Response/Class
c¢. Method of recording

c.l. Tape

c.2. Chart

c.2. Other (specify)
d. Method of Transmission

d.l. Flying lead

d.2. FM Transmission
e. Accelerometers

e.l. Types

e.2. Dynamic Range

e.3. Frequency Range

e, 4, Number

e.l4.a, on sled

SAE J_2131, 211a

X
X
Holtinger
up_to 600g
6000Hz

e.4.b, on subject/dummy 9 gmgxl

f. Other Parameters Monitored:_ FORCES, DISPLACEMENT




NATO/ AGAKD

Impact Test Facility Survey

b #1e

-

Name and Address of Facility

2. MHame of Director/Manager

3. Date Facility vecame
operational

4. Principle of Operation

b. Main Use/Test Type

a, Man kated:
yes no

3

Descriptive Details
a. Horizontal X

b. Track Lengtn Gl

e, Sled Characteristics
e.l. Weight (max)
e,2. Width (nax)
.3, Length (max)

f. Payload Characteristics
f.1. Weignt (max)
f.2. Width (max)
f.3. Length (max)
f.4. Range of Orientation

7. Performance Parameters
a. Acceleration
v. Jolt
c. Velocity
d. Stroke

PROF, DR, SCH 1k

EkD OF 3972

DECELERATION SLED

CADAVER TESTS, DUM (ESTS
LATERAL, HEAD-OH

¢. Vertical
¢. Tower Height

Sled #1 _1[  Slea #2 Sleg #3
[ _37187N I 1 ]
[ tem ] U 1
[ 300cm  1f 1 1
ed ed_jtg Sled #
L[ 6000/ 1 i ]
L 150cm f By 1
L 4g0em 1 1l 1
L 1 1L ]

_B0p  (wax) (min usable)
(max) (min usaule)

__100km/h (max) (min usable)

(max) (min usable)

e. Waveform: (Check all that Apply) Range of
Acceleration Duration
¢,l. Sine
e.2. 1/2 Sine
e.3, Triangle
e. 4. Trapezoidgal X bl *
e,5. Rectangle
e.b. Sawtooth
e.7. Other (indicate)

¥DEPENDENT UPON THE SLED VELOCITY AND DECELERA-

{'. Repeatability
.1, Peax G

TION LEVEL.
N A

f.2. Peak Velocity __ 100 %

Instrumentation
a, HNumber of Channels
b. Frequency Response/Class
c. lMethod of recording
c.l. Tape
c.2. Chart
¢.3. Other (cpecify)
a. Metnoa of Transmission
a.1. Flying lead
d.2. FM Transmission
e, Accelerometers
e.l. Types
e.2. Dynamic Range
e¢.3. Frequency Range
e.4, Number
e. 4,3, on sled

(o8

30 (POSSIBLE)

X
X
ENDEVCO 2264
_25’ tah 5
: 1
— /e

c.4,b. on subject/dunny

t. Other Parameters Monitoreca:_ LUNG PRESSURE, DBELT FORCES




tbo#13

L.

Hane anu Aadress of Facility

tlame of Director/Manager

Date Facility became
operational

Principle of Uperation

Main Use/Test Type

a. Man Rated:
yes no,

Desceriptive betailis
a, Horizontal
b. Track Length

S S
65

i

D
2

cd Characteristics
L1, Welght (max)
.2. Width (max)
.3. Length (max)

(eI B

f. Payload Characteristics
.1, Weight (max)
t.2. didth (max)
f.3. Lengtn (max)
f.4. Range of Crientation

Performance Parameters
3. Acceleration

b. Jolt

c. Velocity

d. Stroke

e, Waveform: (Check all that Apply)

o

. Sine
1/2 Sine

AT/ AGERD

pact Toul Faciiily Sorvey

DAIMLER-BENZ AG —

7032 SINDELFINGE
POSTEACH 2 26
NTWIC | W AU, 300 W

RIPL.=IHG, GUNTRAM HULER

JANUARY 1973

i HOTOR ACCELERA N
CRASH

ST

CRASH 7] >
CIAL VEHICLES

c. Vertical
d. Tower teight

{ Sled #] 1 Sled #2 If Sled #3 ]
L

i 1
L 1 M ]
L 1 1 ]
[ Sled #1 1 Sled #2 ][ Sled #3 ]
L.10,000 w 1[ 1 1
L unlimited ][ BRI Bl
L upnlimited 1 1 1
L 10 B 1
(max) (riin usable)
(max) (min usable)
13,9 ns™)__(max) {min usable)
(max) (iein usable)

Range of
Acceleration

Duraticn

. Triangle

. Trapezolidal

. Rectangle

Sawtooth

~ O E e N

[ I e I B A ]

. Other (indicate)

f. Repeatability
.1, Pcak G

—

.2, Peak Velocity - 1 4

Instrumentation
1. Nurmber of Channels

v. Frequency Response/Class

15
FK 60, 180, 600

c. Method of recording
c.l. Tape

c.Z2,., Chart
c.3. Other (specify)

—

d. Mettiod of Transmission
4.1, Flying lead

d.2. FM Transmission

e, Accelerometers
e.l. Types

¢.2. Dynamic Range
¢, 3. trequency Range

e i, Number

e 4.a, on sled

e,4,.b, on subject/dunnmy _

f. Glher Parameters Monitored:_ HIGH SPEED FILMING




f e

NATO/AGARD

Impact Test Facility Survey

#14, 15, 16
Name and Address of Facility DAIMLER-BENZ AG
1] I
PQSTEACH 2 26 :
Name of Director/Manager DIPL.-ING, GUNTRAM HUBER
Date Facility became
operational 1971/1973/1979
Principle of Operation S I
{BENDIX) - SLED 1
AUFFAHREN UND RUCKPRALL (MIS) - SLED 2
AUFFAHREN (EICENBAU) - SLED 3
Main Use/Test Type ) 1A
a. Man Rated: —
yes no,
Descriptive Details
a. Horizontal X c. Vertical
b, Track Length 65m {(max) d., Tower Height
e, Sled Characteristics 13 led #
e.l. Weight (max) L 1000k I 460kg I[  180ke 1
e.2. Width (max) L 1220mm 10 1220nmm M 960mm 1
e.3. Lengtn (max) L 3%675mp Y 3370mm M 1460mm_ 1
f. Payload Characteristics ed_ i # ed #
f.l. Weight (max) {  2500kg i 670kg ] 290ke
f.2. Width (max) [o] 400 o
f.3. Length (max) 4300n 4
f.4. Range of Orientation L. i i 1
Performance Parameters
a. Acceleration 80p (max) (min usable)
b. Jolt _13Q_xgzxL_(max) (min usable)
c. Velocity 9., 10° N (max) (min usable)
d. Stroke (max) (min usable)
e. Waveform: (Check all that Apply) Range of
Acceleration Duration
e.l. Sine
e.2. 1/2 Sine X
e.3. Triangle X
e.4, Trapezoidal X
e.5. Rectangle _X
e.6. Sawtooth
e.T. Other (indicate)  FAHRZEUG-SPEZIFISCH
f. Repeatability
f.l. Peak G g
f.2. Peak Velocity Q.S an/h
Instrumentation
a. Number of Channels 175

b. Freguency Kesponse/Class

_FK 60, 180, 600

c. Method of recording
c.l. Tape

c.2. Chart

X

c.3. Other (specify)

d. Method of Transmission
d.l. Flying lead

d.2. FM Transmission

X

e. Accelerometers
e.l. Types
e.2, Dynamic Range

—Endeveo
250g 7508

e.3. Frequency Range
e. 4, Number

—1000Hz ~ _ _ 2000Mz =

e, 4,3, on sled

e,i.b, on subject/dummy Q
f. Other Parameters Monitored: OBERSCHENKELKRAFTE, UNTERSCHENKELKEAFTE
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WATO/ AGARD

Inpact Test Facilivy Survey

o #17

i. Nare ana Aadress of Facility FIAT - CENTRO SICUREZZA
ORBASSANQ (IS‘B“" - ITA Tel
VIA G. GOIZANU. 2

¢. Name of Director/Manager ELZO FRANCHINI

3. Date Facility pecame
operational

4. Principle of Operation

300 tip ELECTRIC MOTO

5. Main Use/Test Type CAR_ANL TRACK DEVELOPMENT AND LEGIS~
IREMEN IEK, CAR-TO-
a. Man Rated: CAR, DUMMY ARD COMPONENTS TESTS

yes no

6. Descriptive Detaiils
a, Horizontal 8 _tracks c., Vertical
b. Track Length 30 - 420m a. Tower Hei it

e, Slea Characteristics
e.l. Weight (max)
e.2., Width (max)
e.3. Length (max)

f. Payload Characteristics Slea #] Sled #2 g 3
f.1. Weight (max) L
f.2. Wiath (max) L
f.3. Length (max) L 1L
f.4, Range of Orientation 1

7. Performance Parameters
a. Acceleration (max) (min usaple)
b. Jolt (max) (min usable)
c. Velocity 140 W/ (max) 50 ww/h _(min usaole)
d. Stroke (max) (min usable)
e. Waveform: (Check all that Apply) Range of
Acceleration Duration

1. Sine

2. 1/2 Sine
3. Triangle
.4, Trapezoidal
5

[

T

. Rectangle
6. Sawtooth
. Other (indicate)

f. Repeatability
f.1. Peak G %
f.2. Peak Velocity _ %

3. Instrumentation
a. Number of Channels _96
b. Frequency Response/Class 100, 300, 10Q0, 1650
c. Method of recording
c.l. Tape X
c.2. Chart X
c.3. Other (specify)
d. Method of Transmission
d.l. Flying lead
d.2. FM Transmission X
e. Accelerometers
e.l. Types PIEZORESISTIVE PIEZORESISTIVE PIEZORESISTIVE
e.2. Dynamic Range 200 250 790
e.3. Frequency Kange -0 - 1100Hz _ 0 - 2000Hz __Q - 2000HZ
e.l4, Number
e,4.a. on sled

— 50
e.l4,o. on subject/dummy 16 Triax

f. Other Parameters Monitored:__SPEED, TIME ZERO, STRAIN, LQAD,
DRISPLACEMENT
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NATO/AGARD

Impact Test Facility Survey

ID #1e
1. HName and Address of kacility DECELERATION TRACK
ROYAL AIR FORCE
- < T
3 i I
2. [ame of Director/Manager AL CDKE P, (QWARD O,B,E,
3. Date Facility became
operational JANUARY 11, 1472
4. Principle of Operation SIRETCHED BUNGEE CORDS ACCELERATE
Con —
STEEL CABLES
5. Main Use/Test Type SEAT & HARNESS TESTING WITH DUMMIES &
Wﬁﬂl&mm&w&ﬁ_ﬂ
a. Man Rated:
yes_X no
6. Descriptive Details
a., Horizontal c, Vertical
b. Track Length 4o d., Tower Heignt
e, OSled Characteristics i
e.l. Weight (max) [ 3%6kg I 1 1
e.2, Width (max) 0.9 1 1
e.3. Length (max) L b 1 i 1
f. Payload Characteristics [ Sled #) 1 Sled #2 1 Sled #3
f.1. Weight (max) [ 29Kke 1L U 1
£.2. Width (max) [ 3m (overhang acceptabje) ]
f.3. Length (max) L 3m (overhang accpetable) |
f.4, Range of Orientation L 1L 1 1
7. Performance Parameters
a, Acceleration > (max) 28 (min usaole)
b. Jolt 100Qe/sec~"max) _________ (min usable)
c. Velocity 1o/ sec  (max) __5.5m/sec (min usable)
d, Stroke . 290 (max) (min usable)
e, Waveform: (Check all that Apply) Range of
Acceleration Duration
e.l. Sine
e.2. 1/2 Sine X 2 to 50g 200 to 50msec
e.3. Triangle
e. U, Trapezoidal
e.5. Rectangle
e.6. Sawtooth
e.7. Other (indicate)
f. Repeatability
f.l. Peak G £ %
f.2. Peak Velocity ___ *,25% %
8. Instrumentation

a. Number of Channels
b. Frequency Response/Class

12 CHANNEL CONTROL CONSOLE

c. Method of recording
c.l, Tape

14 CHANNEL DC TO 20OHz

c.2. Chart
c.3. Other ({specify)

v
C. R0,

d. Method of Transmission
d.l, Flying lead

&

d.2. FM Transmission

e. Accelerometers
1. Types
.2, Dynamic Range

I3

+50¢

e.3. Frequency Range
e.4, Number

R.C. to 720HZ

e,4.,a, on sled

e.4.b. on subject/dunmy Aﬂmxmd._luam.al_m_m_mm

{. Other Parameters Monitored:__HIGH SPEED FILMING, IMPACT VELOCITY,
HARNESS LOADS, SEAT STRUCTURE TENSION LOADS. E.C.G,




ID #19

1. Name and Address of Facility

2. Name of Director/Manager

3. Date Facility became
operational

4, Principle of Operation

5. Main Use/Test Type

a,

Man Rated:
yes_X no,

6. Descriptive Details

a.
b.

€.

Horizontal
Track Length

Sled Characteristics
e.l. Weight (max)
e.2. Width (max)
e.3. Length (max)

Payload Characteristics
f.1. Weight (max)
f.2. Width (max)
f.3. Length (max)

f.4,. Range of Orientation

7. Performance Parameters

a.
b.
c.
d.
e.

f.

Acceleration
Jolt
Velocity
Stroke

Waveform: (Check all that Apply)

Sine

NATO/AGARD

Impact Test Facility Survey

EJECTION RIG

OYAL_AIRC] STABL
EARNBOROUGH
HANTS, UK

MR, T, H, KERR

CURRENTLY DISMANTLED~TO BE REINSTATED
CTION CATAPULT, GRAVI

CTION SY. 5] SH

INCLINED 20°

c., Vertical

d. Tower Height 47.2m
[ Sled #1 1[ Sled #2 1 Sled #3 ]
L 1L AL ]
L 1L 1L 1
L 10 1L ]
Sled #1 1[ Sled
L ] 1L 1
L ] 1L 1
L 1[ ]
L pis 1L )|

(min usable)
(min usable)

(
S )

20,9ms=1(95£ts~1) (max) (min usable)
(max) (min usable)
Range of
Acceleration Duration

1/2 Sine

Triangle

Trapezoidal

Rectangle

Sawtooth

®oOooo o0
.
NN W
s ® s s e v e

Other (indicate)

Repeatability
f.1. Peak G
f.2. Peak Velocity

8. Instrumentation

a.
b.
c.

HARNESS LOADS BY BUCKLE STRAIN GAUGES. RECORD
MOBILE VAN FOR AIR TO GROUND TELEMETRY OF EJECTION DATA,

Number of Channels
Frequency Response/Class
Method of recording
c.l. Tape
c.2. Chart
c.3. Other (specify)
Method of Transmission
d.1, Flying lead
d.2. FM Transmission
Accelerometers
e.l, Types
e.2. Dynamic Range
e.3. Frequency Range
e.4, Number

e.4.a, on sled

—_— &

11
DC-100Hz, DC-1kHz

X
—____ANALOGUE OUTPUT TO UV RECORDER

X
SMITH INDUSTRIES ALV692

e.l.b. on subject/dummy _
f. Other Parameters Monitored: GUN PRESSURE BY PIEZOELECTRIC TRANSDUCER,
ING FACILITIES DUPLICATED IN




NATO/AGARD

Impact Test Facility Survey

ID #20

1. Name and Address of Facility

2. Name of Director/Manager

3. Date Facility became
operational

4. Principle of Operation

5. Main Use/Test Type

a. Man Rated:
yes

no_ X

6., Descriptive Details

a. Horizontal YES
b. Track Length 33m

e. Sled Characteristics
e.l. Weight (max)
e.2. Width (max)
e,3. Length (max)

Payload Characteristics
f.l. Weight (max)

f.2. Width (max)

f.3. Length (max)

f.4, Range of Orientation

T. Performance Parameters
a. Acceleration
b. Jolt
¢. Velocity
d. Stroke
e. Waveform:

. Sine

(Check all that Apply)

ROAD SAFETY ENGINEERING LABORATORY
MIDDLESEX POLYTECHNIC .~~~
THE BURROUGHS

HENDONS, NW4 Y4BT, ENGLAND

PETER ROY

30_JANUARY 1981 _

ACCELERATED USING RUBBER CORDS
I 0 T CHI
STANDARDS
c. Vertical N

_NA
N/A

[ Sled #3 1[ Sled #2 ][ Sled #3 1
[ uBokgr 1

d, Tower Height

L 1ibem 1

{__280cm U ) Jl_~__~_,__l
[ Sled #1_ 1[ Sled # ed #3 1
[ _800kgf 1L 1L 1
s — ——
I 360 1L i 1

50% (max) 2 (min usable)
(max) (min usable)

80km/h _ (max) __Skwh (min usable)
1m____(max) 50mm (min usable)

Range of
Acceleration

Duration

. 1/2 Sine
Triangle

—YES

20g - 32g 80-100ms

Trapezoidal

YES 12¢

= 4g el

Sawtooth

oo o000
.
O W)

. Rectangle

Other (indicate)

*THIS IS THE MAXIMUM SO FAR ACHIEVED
®¥THIS IS A FUNCTION OF SLED VELOCITY

f. Repeatability

f.1. Peak G — 5 3
f.2. Peak Velocity ___ 4 %
8. Instrumentation
a. Number of Channels 16.
b. Frequency Response/Class CLASS 60
c. Method of recording
c.l. Tape NO.
c.2. Chart YES
c.3. Other (specify) " " MICROPRO!
d. Method of Transmission
d.1. Flying lead YES
d.2. FM Tranasmission NO

e. Accelerometers
e.l. Types
e.2. Dynamic Range
e.3, Frequency Range

PIEZORESISTIVE
0-1800¢.

e. 4, Number

e.4,a. on sled

e.4.b, on subject/dummy ﬂggg:gngst triaxial
f. Other Parameters Monitored W
RWARD MOVE! % s




NATO/AGARD

Impact Test Facility Survey

v #21
L. lame andg Aaaress of Facility e .
[y 1 N - ™1 Y
LOUGHBOROUGH
2. Hame of Lirector/Manager Jo SAIDOVER
3. Date Faciliiy oecamne
operational 1979
4, Principle of Uperation SOHEYCOMD A NG_§
5. Main Use/Test Type MAL MODELING
H Hixs : DII n o i
a. Man Ratea: HUMAN STUDIES
yes no,
6. Descriptive Details
a. Horizontal ¢, Vertical (CAN BE ANGLED TO 30
b. Track Length d. Tower Height fm (2m SLED MOVEINENT)
e. Sled Characteristics ed # ed fig Sled #3
e,i. Weignt (max) [ 200ke i 1 Bl
e.2. Width (max) 750m 3] U g
e.3. Length (max) 500mm If 1L 1
f. Payloaa Characteristics d i Sled f ed f
f.1. Weight (max) [ 120ke 1[ 10 ]
f.2. Width (max) [ _900mn [ 10 1
f.3. Length (max) 500mm 1 il 1
f.4, Range of Orientation L 1L 1L 1
7. Performance Parameters
a. Acceleration 1000/ 52 __(max) Qn/s? _(min usavle)
o. Jolt (max) (min usable)
c. Velocity oo/ se (max) (min usaple)
d. Stroke 200mm  (max) (min usable)
e. Waveform: (Check all that Apply) Range of
Acceleration Duration
e.l. Sine
e,2, 1/2 Sine
e.3. Triangle
e.4, Trapezoiaal (Approx.) Lo QQm(&Z 0,0]s to 0,25
¢.5, Rectangle
e.b. Sawtooth
e.7. Other (indicate)
f. Repeatavility
f.l. Peak G v 20 %
f.2. Peak Velocity %
8. Instrumentation
a. Number of Channels 6
b. Frequency Response/Class Q=500lgz (lowest res, frequency of loaa
measuring table)
c. Method of recording
c.,1l. Tape )
c.2. Chart
c.3. Other (specify)
d. Metnoa of Transmission
d.1l. Flying lead X
a.2. M Transmission
e, Accelerometers
e.l. Types —_— P_I‘I.Z_O_ELESI&LC
¢.2. Dynamic Range 90K m/s
e.3. Frequency Range 0-20kHz
e,!t, Number
e ld,a, on sled
e.4,b, on subject/dumay 1
f. Other Parameters Monitored:_ LOAD - 300 X 200mm CELL, TO 1¢OKN,
Q-5004z

29
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#22

Lare ang Adarecs of kaciiivy

LATU/AGAR

lmpact Test Facility survey

WETLING STREET
WLEbATON, UARKS
ELGLAND CV10 UTU

Lae of virzelcr/Manager Ll €. Aohled

Cele taciilvy vecane
opvrationcl LAy 1ybo

rrinclple of Cueratich

vain boe/Test Type

X

be

d.
C.

Men rated:
YU, no,

oeriprive Detalle

torizontal ) c. Vertical
Track Lengtt. 91.0 a. Tower Height

Sleu Craracteristics
ol delgnt (ax)

¢, wiatn (max)
e.3. Lenctn (rax)

Fayloau Cnaracteristics
f.i. Weighv (max)
tf.e. Wicth (max)
f.3. Lenpth. (max)
t 4. Range of Urientation L il 1L

Pertfornance Paraneters

a.
L.
C.
a.

€2,

Acceleration ! (min usavle)
Jolt iﬂQﬁl&hleﬂIh(rax) (min usadle)
Velocity UP_TO S0 MPH (max) (min usable)
Streke IHD MINATE(rax) (uan usavle)
Waveform: (Check all that Apply) Hange of

Acceleraticn Duration

¢.l. Sine

e.2. 1/2 bine
e.3. Triangle
c.4. Trapezoidal
2.5,
e.b,
eJT.

Rectangle
Sawtooth
Other (incicate) DI M OVEBICLE i : )

Repeacavilivy
f'.1. Peax G -
f.2. Peak Velocitvy %

Insiruentation

de

<

c

[«8

f.

Nuniber of Channels i’ Kt { MAGK
Frequency Response/Class £5 DC TQ 2 khHz OH PAPER
tethou of recoraing
c.l. Tape
c.2. Cnart
¢.3. Other (specify)
tettiou of Transmission
d.1l, Flying, lead X
d.2. I Transmission
Accelerometers
zod. Types STRALN GAUGE
¢.J. Dynamic Range YARIOUS UP TQO 790 g
2.3, Frequency Range
e,4, Lomver
e, 4,3, on sleu Y Cfi
c.i4.b. on subject/dumny

Othier Parameters Monitorea:_ HIGH SPEED FILMING, HARNESS AND SKELETAL
: " TrTRE

EACE LOADD,




D #e3

1. lame ana Audress of Facility

J. hame of Lirector/Manager

3. Date Facility became
operational

4, Principle of Cperation

5. Main Use/Test Type

a, Man Rated:
yes, no_ X

6. Descriptive Details

HATC/AGARD

lopact Test Facllivy Survey

WATLING STREET, NUL
WARKO,. ENLGLALD CV10 JTU, UK,

PR, €, AGHLEY

10 HOVENDER 1900

a. Horizontal X c. Vertical
b. Track Length 281 d. Tower lleight .
e, Sled Characteristics sled § ed i Sled #
e.l. Weight (max) [ _1090ke  1[ 10 ]
e.2, Midth (max) L _1.2m il i 1
e.3. Length (max) L 3.6% 1 BIe 1
f. Payload Characteristics i ed ff Sled #
f.l. Weight (max) [ 1810ks _ If ]
f.2. Width (max) L 4,50 1L 1L 1
f.3. Length (max) [ 4.,5m 10 1L 1
t.4, Range of Orientation [ 1L 1 1
7. Performance Parameters
a. Acceleration 50k (max) (min usable)
b. Jolt (max) (min usable)
c. Velocity 100kph _(max) (min usable)
d. Stroke 3 (max) (min usable)
e. Waveform: (Check all that Apply) Range of
Acceleration Duration
e,l, Sine
e.2. 1/2 Sine X 107 130 _msecs
e.3, Triangle
e 4, Trapezoidal
e.5. Rectangle X 90g, 130 msecs
e.b. Sawtooth X 504 130 nmsecs
e,7. Other (indicate)
f. Repeatability
f.l. Peak G 2.5 %
t'.2. Peak Velocity 2.5 %
8. Instrumentation
a. Number of Channels URTHER 2 -
L. Frequency Response/Class 10007600/ 130/60
¢, Method of recording
c.l. Tape X
c.2. Chart
<.3. Other (specify) GALVANOMETER
d. Method of Transmission
d.l. Flying lead X

d.2. FM Transmission
e, Accelerometers
e.l., Types
e,2. Dynamic Range
e.3. Frequency Range
e. 4, Number
e.ll,a, on sled

STRAIN GAUGE
YARIOUS UP T0 75Qg
YARIOUS UP TO 2000z

) NORMALLY (MORE AVAILABLE)

e.4,b. on subject/durmy 4 NORMALLY
f. Other Parameters Monitored:_YEUICLE AND COMPONENTS ACCELEROMETEKS,

O <
HeS. FILY




s
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HNATO/AGARD
Impact Test Facility Survey
i owos, 25

i. liame and Address of Facility

SIMULA INC,
T =
IEMPE, ARIZOUA 05282

2. MName of Directcr/Manager Sa Py DESJARDING

Date Facility became
operaticnal

(V)

4, Principle of COperation
USED TO PROPEL SLED,

LARNED FOR QCTOBER 1951

DROP TOWEER FOR VERTICAL TESTING, ALSO

5. Main Use/Test Type

IRCRAET SEAT EVALUATION

a. tlan Hatea:

yes no_ & __

6. Descriptive Details

a. Horizontal X c. Vertical X _

. Track Length 451 d. Tower belght 201

2. Gled Characteristics [ Sled #i J[ Sled #2 1l Sled #3 ]
.l Uelghu (max) L 1 1
c.2. Width (max) L AL 1 1
e.3. Lensth (max) L 1L i 1

f. Payload Charucteristics [ _Sled #} if Sled #2 1 3led #3 ]
t.1. Weight (max) L it i ]
.2, Wiaun (nax) AL il Al
£.3. Lengtn Gnax) L i 10 it
t.4., Ran e of Urientation L pin 1

7. Performance bararieters

(min ucable)

(rin usable)

a. Acceleration 50 (raax)
v. Jolt . (max)
¢, Velocity 20_uy/sec (max)
Jd. Stroke (max)

(min usable)
(min usable)

2, Wavefort: (Cneck all that Apply) Range of

Acceleration

1. Sine

Duratiorn

2. 172 Llne

. Triongie

> fot P

1
2
3
e b4, Trapeeoidal
5

. Heceangie

b. Davtootn

7. Gtrer {(indicate)

Mepeeatalbl L iy
tuie Pea O

Poce Poas Velooity

noteopwnLation
urber of Channcio

Yreguency Recponoe/C1acs
. Mebnod ot recording
Tupe A

Crart )

Ted s

. Uther (opecify)

i
el
3
1. tetnod ot Transrmission
1. Flying iead N

i
d

d.2. F¥ Transmiscion

2, hecelerometers
2, L. Types

. Uynanic Range 2300 & = by

™

.3, Frequency Range
e, Number

eui,a, on sled

o

2 0,00 0N Labject/ieey |

f. Other Parsreters Monittored: _ BRESTRALNT 0¥ 5M LOADS, FoUTibel LuADS,

=AT ACCELERATIONS, OTHUCTURAL DISPLACLYMENT




NATC/ AGARE

Impact Test Facility Curvey

Ib #26

1., Name and Address of Facility

2. !lame of Director/Manager

3. Date Facility became
operational

4, Principle of Cperation

5. Main Use/Test Type

a. Man Rated:
yes no
6. Descriptive Details
a, Horizontal
b, Track Length

— X
—3m

e, Sled Characteristics
e.l. Weight (max)
e.2. Wiath (max)
e.3. Length (max)

f. Payload Cnaracteristics
.1, Weignt (max)
f.2. Width (max)
£.3. Length (max)
.4, Range of Orientation

7. Performance Paraneters
3. Acceleration
o, Jolt
c. Velocivy
d. Stroxe

e, YWaveform: (Check all that Apply)

e.l. Sine

CRASHWORTHINESS LABORATORY
SRL_LNTERNATIQNAL

333 RAVENSWOOD AVENUE
MENLO PARK, CA_ 9uQ25

4. Do COLTON

1972

PMEUMATIC FISTON

CCELERATION OF MODEL STHUCTUKES

c. Vertical
d. Tower Helght

t cled #2 Sled #-
[ 20 1o [ i 1
L 18in ][ 1 1
[ 36in ][ [ 1
L Sled #l 1{ Sled #2 [ Sled #3 ]
L _60db [ AL ]
L 1 1L 1
L 1L 1L ]
L 360° i 1L 1

300 ¢ fmax) 0 g (min usable)

(max) (min usable)

100_tt/sec (max) _10 ft/sec (min usable)

3£t (max) 3 ft  (min usable)
Range of

Acceleration

Duration

. 1/2 Sine

4. Trapezoidal

)
2
e.3. Triangle
4
)

5. hectangle

., Sawtooth

X —_10-300 5

e 1. Otner (indicate)

t. hepeatablilty
fo1. Feak G
t.e'. Pear Velocity

instropentation
d. hamuer of Channels

K

S5 %

23

5. Frequency Response/Class

. Methoa of recorcing

2. Chart

c.l. Tape
-

.3, Otter (specify)

J. Metnoa ot Tranamission

g.l. Fiying lead
4.2, M Transmission

2. Accelerometers

c.l. Types
e.2. Dynamic Range

.3, Frequency Range

e, 4. Number

e.d,a. on sled
e ,b, on subject/dummy

f. Other Parameters Monitored:
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1.e. Kenge ot crientation
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NATO/AGARD

Impact Test Facility Survey

I #29

1. Name and Address of Facility BIOENGINEERING CENTER - _
WAYNE STATE UNIVERSITY
DETROIT, MI 48202 . __ .

2. Name of Director/Manager A, I, KING [

3. Date Facility became

operaticnal i1¢
4, Principle of Operation PNEUMATIC e I
5. Main Use/Test Type IMPACT_ACCELERATION -

BARRIER TEST

a. Man Rated:
yes__ X no.

6. Descriptive Details

a. Horizontal X ¢, Vertical _

b, Track Length 40m d. Tower Height .

e, Sled Characteristics [ Sled #1 1[ Sled #2 1[ Sled #3 1
e.l. Weight (max) 5880N _ 1 1
e.2, Width (max) M | 1L ]
e.3. Length (max) L 37 1 1L o

f. Payload Characteristics [ Sled #1 ]I Sled #2 [ Sled #3 |
f.1. Weight (max) 11000N D | R |
f.2. Width (max) L 2M 1L 1L 1
f.3. Length (max) I 3.7M Bt 1L ]
f.4. Range of Orientation L 360° 1l ik ]

7. Performance Parameters

a. Acceleration 50 G _{(max) .5 G _(min usable)

b. Jolt 2500 G/S__(max) ___50 G/S (min usable)

c. Velocity 30 M/S _(max) 1 _M/S (min usable)

d. Stroke . 2M  (max) 21 M (min usable)

e, Waveform: (Check all that Apply) Range of

Acceleration Duration
e.l. Sine N .
e.2. 1/2 Sine X ___.5-50 G 50-300_MS
e.3. Triangle X 5=50 G 50-300_MS
e.4. Trapezoidal X - 5=50_G 50=300 M3
e.5. Rectangle X 5=50 G 50-300 MS
e.b. Sawtooth . X .55 G 50-300 MS
e.7. Other (indicate) 2 5-50 G 50=-300 MS
f. Repeatability
.1, Peak G _ 5 %
f.2. Peak Velocity _____ 5 %

8. Instrumentation
a. Number of Channels _ 13

b. Frequency Response/Class ___1000

c. Method of recording
c.l. Tape o X _ I
c.2, Chart X
c.3. Other (specify) e AID

d. Method of Transmission
d.1, Flying lead o X o
d.2. M Transmission e i

e, Accelerometers
e.l. Types PIEZO RES STRAIN GAGE PIEZO _ELEC
e.2. Dynamic Range 0-2000 G 0-200 G 0-1000 G
e.3, Frequency Range 0-1000 Hz 0-500 Hz = 10000-4Q0000Q Hz
e. 4, Number R

e.ld,a. on sled iy

e.i.b. on subject/dummy __ 36

f. Other Parameters Monitored: _EM;, ECG, LOADS, MOMENTS, PRESSURE,
VELOCITY, DISTANCE, ANGLE, GAUSS




ﬁ

LWATO/AGARD

Impact Test Facility Survey

10 #
1. liame and Aduress of racility LIOERGIMEERING CENTER .
2. Name of Director/Manaper A, I, KIGG
4. Date Faciiity became
operational 1967 . J
4, ¥Principle of Uperation PLEUMATIC
5. Main Use/Test Type IMPACT ACCELERATION
a. Man Rated: _
yes__ X no.
. Deseriptive Details
a. Horizontal D S ¢. Verutical
b, Track Length _ 0w d.  Tower lier;ht I,
o, Sled Characteristics Lo oSdec #) M sleo #2 i Sled #3 ]
e,l. Welpht (max) L 1 9800N 1]
e.2. Wiuth (max) { aL et 1] 4
2.3. Length (max) [ B G v 4 1 1
t'. Payload Characteristics [ _Siea #l _ JL_QM Sleq i1 4
f.1l. YWeight (max) L 1L 1200k
£.2. Widin (max) I i M ﬂ ________l
£.3. Length (max) L A 3.0 il ]
f.4. Range of Orientation oAl 360 1l 1
7. Perfermance Parameterc
a. Acceleration _ 5 ¢ (max) e (min uzable)
o, Jolt 2500 G/S  (max) 59 G/ (min usable)
c. Velocity __Ag s (nax) 1 M8 (min usabie)
d. Stroke 2 ¥ (max) L1 M (ran usaule)
e, Waveforn: (Check all that Apply) Range of
Acceleraticn buration
¢.l, Sine —_— —
e.2. 1/2 Sine X =l G H50-309 1S
e.3. Triangle A 5=B0 G DU-Z00 MY
e.4. Trapezoidal X h=h0 G _50_-}9__“'
e.bH. Rectangle __X 000 G 50-300 MH
2.6. Sawtooth R 5=50 G 50-300 MY
e.7. Oti.er (indicate) ? 0=50 G —20-300 Mo __
. Repeatability
.1, Peak 5 %
f.2. Peak Velocity 5 __3
%, Instrumentation
a. husoer of Channels o 13 IO
L., Frequency Kesponse/{lass 0
¢, leteod of recording
c.1. Tape e X _ e
.. Chart I S,
c.3. Other (specify) - __ALD e
d. Vetuod of Transmission
cole Flying lead , _ A _
d.2. BN Tranomission e
e, Accelrrometers
2.l Types BLEZC RES  STRAILL GAGE Lu;es .,L.
e.2. Dynanmic Ran_c J=2000 G =200 G
v, 3. Frequency Range 0-1000 1z ___9=-500 tiz luOUO uwn\ l_l_z
e U, lumber [ _
e l,a. on sled . I
e 4D, on suuject/aurny 30 L




G s heD

pot Teot busLirty Uurvey
w1
! st oaeiriny SlubaGIEER MG CELTE e
WOAILE STATE LUIVEROI
CELEOLT, M dp, e
o R * r Ao do BING
t 3 !
[ ! Lo _—
rin pen o T PREUMATIC
Mo P beelidobe
G ’.‘”J T T T r T T T T T
PN L - _—
SLOPILT L e gl
1. Horao e 2. Vertical X
Lo Track Lengn - d.  Tower Peight 3050
e, Sied Unaracteristico I SBleg sy 1l Sleg fig M _Sled #3 1
bl Wernt (max) L ik 1l 1000 N ]

2. Wiath Guax) L JL I O M ]
cus. Lerptr (max) L g it SM ]
£ tayload Characteristics Siea ¥ sled 2 Sled #3
£.1. Weight (max) L A S0 N
t.2. Width (max) { AU A ]
f.3. Lengus (wax) { 1 1\ L]
f.4. Range of Crientation L il AL 30 A
7. Perforrance Parameters
a. Acceleration 25 G (wmax) 16 (nin usable)
uv. Jolt 2500 _G/S_ (max) 50 G/S_ (min usable)
c. Velocity 20 WS (inax) 1 M/S (min usable)
J. Stroke 2. M (max) 2 M (mn usable)
e, Waveform: (Check all that Apply) Range of
Acceleration Duration
e.l. 3ine
e.2. 1/2 Sine
e.3. Triangle — _
e.4. Trapezoidal X 025 G ~ M
e.9. Rectangle X 1 1
e.b. Sawtooth
e.[. Other (indicate)

f. Repeatability
f.1. Peak G ———n %
f.2. Peak Velocity ___ 95 %

4. Ilnstrumentation

a. Number of Channels _ 40
b. KFrequency Response/Class __ 1Q00
2. Method of recorcing
c.l. Tape . X
c.2. Chart X
¢.3. Other (specify) AID
d. Method of Transmission
d.l. Flying lead X

d.2. FM Transmission
c, Acceclerometers

e.). Types Pl S STRALN GAGE PIEZO ELEC
¢.2. Dynamic Range 0-2000 G 0-200 G 0-1000 G
e.3. Frequency Range 0-1000 iz 0=500 liz 10000-40000 1
¢4, Number . o
e.4,a. on sled 4
e.4.b. on subjiect/dumnmy 36
f. Other Parameters Monitored:_ EMG, ECG, LOADS, MOMENTS, PRESSURE

VELOCITY, DISTANCE, ANGLE, GAUSS —




~Y

PN
L

1.

NATO/AGARD

Impact Test Facility Survey

#32

Nanie and Address of Facility

Naime of Director/Manager

Date Facility became
operational

Frinciple of Cperation

Main Use/Test Type

a. Man Kated:

yes no_x

Decseriptive Details

a, lorizontal X
o. Track Length 91 n
d Characteristics

. Weignt (max)

. Wiath (max)

. Lengtn (max)

1z

€,

@

T o

le
.1
.2
.3

f. Payload Characteristics

YNAMIC CILITY _
FEDERAL AVIATIOQN NISTRATION

TECHNICAL CENTER
ATLANTIC CITY AIRPORT, NJ QG405

CAESER A, CAIAFA

PREUMATIC

CRASHWORTHINESS TESTING OF A/C
STRUCTURES AND SEATS

c. Vertical
a. Tower Heignt

Sieg od #2 1 Sled 3]
{ 1L 10 1
L il 10 1
[ 1L AL 1

£.1. Weight (max) [ 2B60K 1L it 1
£.2. viidth (max) L R/A i 1 1
f.3. Length (max) L 91 m I 1L 1
f.4, Range of Crientation L nA 3 10 1
Performance Parameters
a. Acceleration 155,_aL 2660Kg (wax) (min usable)
b. Jolt — (max) (min usable)
c. Velocity 2.3 /s at 2800Kg(max) (min usable)
a. Stroke 0 (max ) (min usable)
e, Waveform: (Cneck all that Apply) Range of
Acceleration Duration
e.l. Sine
e.2. 1/2 Sine
e.3. Triangle
e, Trapezoical
e.5. Rectangle
e.6. Sawtootn
e.7. Other (indicate)
t'. Repeatability
f.1. Peak G %

f.2. Peak Velocity ___ %

Instrumentation
a, Nuniber of Channels
b. Frequency Response/Class

IN THE PROCESS Of UPD

¢, Method of recorcing
c.l. Tape

c.2. Chart

c.3. Other (specify)

a, Metnhoa of Transmission
a.l. Flying leac

a.2. FM Transmission

e, Acceleronieters
e.1. Types

e . bynamic Ranpe
e.3. Froquency Range

e i, funver

¢ h.a, on ulea
¢. 4,0, O Lub ject/aurmy

f. Other Parameterc Monitorea:
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ID #33

1. Name and Address of Facility

2. Name of Director/Manager

3. Date Facility became
operational

4. Principle of Cperation

5. Main Use/Test Type

a. Man Rated:
yes__ X no

6. Descriptive Details
a. Horizontal X
b. Track Length

e. Sled Characteristics
e.l. Weight (max)
e.2. Width (max)
e.3. Length (max)

f. Payload Characteristics
f.1l. Weight (max)
f.2. Width (max)
f.3. Length (max)

f.4, Range of Orientation

7. Performance Parameters
a. Acceleration
b. Jolt
c. Velocity
d. Stroke

NATO/AGARD

Impact Test Facility Survey

CALSPAN CORPORATION
ADVANCED TECHNOLOGY CENTER
4455 GENESSEE STREET

BUFFALO, NEW YORK 14225
ANTHONY L, RUSSO

OCTOBER 1968

HYGEE 12"

RESTRAINT SYSTEM RESEARCH
BIOMECHANICS RESEARCH =~~~

¢, Vertical

21 m d. Tower Height —
Sled #1 led # Sled #
2030 1b 1{ Bl 1
4 £t ][ 1L ]
12 £t 1{ i 1
Sled #1 1[I Sled #2 J[ Sled #3 1
[ 3500 1b I B 1
L 12 £y 1L 1 1
L 20 _fy 1f L 1
L 1t i 1

12 Gy (max) 2 Gy (min usable)

(max) (min usable)

___55 mph _(max) 5 mph __(min usable)
8 ft  (max) 1. £t (min usable)

e. Waveform: (Check all that Apply) Range of

Acceleration Duration
e.l. Sine
e.2. 1/2 Sine X 3-50 Gy 50-120 ms
e.3. Triangle X >95 Gy 20-50 ms
e, 4. Trapezoidal X 5=40 Gy 60-150 ms
e.5. Rectangle
e.b. Sawtooth >55 Gy 20-50 ms
e.7. Other (indicate) SPECIAL CRASH PULSES >70 G, 50-150 ms

f. Repeatability
f.1. Peak G

_25 %

f.2. Peak Velocity 2.9 %

8. Instrumentation
a. Number of Channels
b. Frequency Response/Class
c. Method of recording

54
1000, 600, 180, 60

c.l. Tape X (FM)
c.2. Chart
c.3. Other (specify) DIRECT DIGITAL DATA AQQUISITION (DDAS)
d. Method of Tranamission
d.l., Flying lead X
d.2. FM Transmission
e, Accelerometers
e,l. Types CEC ENDEVCO KISTLER
e.2. Dynamic Range 290 g #7190 & $100 g _
e.3., Frequency Range 2000 Hz 1000 Hz
e.lU, Number 1500
e,4,a, on sled > 100
e.4.b., on subject/dunmy >80
f. Other Parameters Monitored:__FEMUR LOADS, PRESSURE, VELOCITY,

DISTANCE AND DYNAMIC LOADS,




NATO/AGAKD

Impact Test Facility Survey

ID #34

i

Name and Address of Facility

Nare of Director/Manager

Date Facility became
operational

Principle of Operation

Main Use/Test Type

a. Man Rated:
yes,

no_&

Descriptive Details
a, Horizontal
b. Track Length

X
1im

e, Sled Characteristics
e.l. Weight (max)
e.2. Width (wmax)
e.3. Length (max)

f. Payload Characteristics
f.1. Weight (max)
f.2. Width (uax)
f.3. Lengtn (max)
f.4, Range of Orientation

Performance Parameters
a. Acceleration

b. Jolt

c. Velocity

d. Stroke

e, Waveform: (Check all that Apply)

Sine

DEPARTMENT 85 f3-1

P.0, BOX 1224
DAYTON, OHIQ 45401

Jo J, O'CONNELL

AUGUST, 1971

IMPACTS SHOCK ABSORBE

AUTO SAFETY DEVELOPMENT

c, Vertical
d. Tower Feight

sled # Sled #2 S t
[ 600 1bs 1 1L 1
L6 ft 1 [
j 7.t I i 1
L1900 lbs 1[ 1L 1
[ 12 fr 1f 1 Y
L 7_fv i 1 —
L %o 1L 1 1
50 G (max) (mlrn unabae)
(riax) (man us }
40 mph  (max) (min
4 _in  (max) (rixn

Range of

Acceleration Liuration

1/2 Sine

Trianglg

Trapezoidal
Rectangle

Sawtooth

.
.
.
.
.
.

.1
.2
.3
A4
5
.6
A

oo 0o0ono T

. Other (indicate)

f. Repeatability
f.1. Peak G

f.2. Peak Velocity 2 %

Instrumentation
a, Number of Channels

b. Frequency Response/Clacs

00
60, 180, 600, 1000

c. Method of recording

c.l. Tape X (FM)
¢.2. Chart X
c.3. Other (specify)
d, Method of Transmission
u.l. Flying lead X
d.2. FM Transmission
e, Accelerometers
e.l. Types PIEZORESTIVE ~— _EMDEVCQ  7231-75

e.2, Dyramic Range 150 g

e.3. Frequency Range Q-2000 Hz

e. 4, Number )
e.4,3. on sled 1

e.4.b. on subject/durmy o)
f. Other Parameters Monitored: _TIBIA LOADS, FEMUR LOADS, NECK LOADS

41
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{ATO/AGARD

Impact Test Facility Survey

#35

Hianie and Address of Facility

[RANSPORTATION RESEARCH CENTER OF
QHIO
EAST LIBERTY, OHIO 43319

2. lame of Director/Manager SIDHEY JEEFE
3. Date Facility vecane
operational 1913
4, Principle of Cperation iYGE ACCELERATO SENDIX 24"
5. HMain Use/Test Type MPAC MULATI UTOMOTIVE AN
AIRCEAFT OCCUPANT PRO LOf STEH:
a, Man Rated:
yes no_x
6. Descriptive Details
a. llorizontal X c. Vertical e
0. Track Length d. Tower Height
e. Sled Characteristics Sied # Sled & Sled §
e.l. Weight (max) L3600 1b [ 1L 1
e.2. Width (max) L 1,50 10 i 1
e.3. Length (max) L 3.6 m ][ 1 1
f. Payloaa Characteristics Slea # sled i Sled #
£.1. Weipht (max) {10000 1b 1[ 1 1
f.2, Width (max) L 9m_If i |
f.3. Length (max) L 6 m I U 1
f'.4. Range of Orientation 1 B If i 1
1. Performance Paremeters
a. Acceleration 100 4y Cuax) 2§ (iiin usable)
b. Jolt e wax) —_______ (win usable)
c. Velocity 100 mph _(max) ___5 wph__ (min usable)
d. Stroke 6 fr  (max) __0,1 ft  (min usable)
e, Waveform: (Check all that Apply) Ranpe of
Acceleration Duration
e.l. Sine
e.2. 1/2 Sine X 2 = 100 4 90,65,80,100 g
e.3. Triangle
e.4, Trapezoidal X 5 = 50 ¢ 100 & 130 nis
e.5. Rectangle
e.6. Sawtooth
e.7. Other (indicate) DOUBLE HUMP 24 2 _100 ms
f. Repeatability
f.l. Peak G I
f.2. Peak Velocity 1 %
§. Instrumentation
a. ltumber of Channels ou
b. Frequency Response/Class SAE J2114
¢, Method of recording
c.l, Tape X
c.2. Chart X
c.3. Other (specify)
d. Method of Transmission
d.l. Flying lead X
d.2. FH Transmission
e, Acceleruneters ENDEVCO ELDEVCO ENDEVCO CEC
e.l. Types 1232 _2200C 1207C=TRIAX  _4=202
e.2. Dynanmic Range t750% £250 2750 & 225-2250;
e-3- Freguency Range 0=2000}lz  ©-2000liz 0-2000 Hiz  0-2000}iz
¢.4. Humber
e.4.,a, on sled
e, l,b, on subject/dumy Q] MAX
f. Other Parameters Monitored:
IEMPERATURE,
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NATO/AGARD

Impact Test Facility Survey

#36
Name and Address of Facility VERTIC C] I
10 CAL P L Cl
TODYNAMI I INEERING DIVISI
AFAMRL, WPAFB, OHIO 45433
Name of Director/Manager JAMES W, BRINKLEY
Date Facility became
operational 1962
Principle of Operation FREEFALL OF CARRIAGE AND PLUNGER ONTQ
A WATER FILLED CYLINDER
Main Use/Test Type JEST SEATS, RESTRAINT SYSTEMS &
VEHIC] YSI IC, IODYNAMIC
a. Man Rated: RESEARCH
yes_ X no
Descriptive Details
a, Horizontal c. Vertical X
b. Track Length d. Tower Height 15,2 m
e, Sled Characteristics [ Sled #1 1{ Sled #2 1[ Sled #3 1
e.l. Weight (max) 190 0 _1b
2.2. Width (max) 191 em (36 in) BN 1
e.3. Length (max) [183 cem (83 in) 1L 1
f. Payload Characteristics d # ed Sled #3 1]
f.1. Weight (max) (909 kg (2000 1b) B ]
f.2. Width (max) [91 em (36 in) 10 1
f.3. Length (max) [183 em (72 in) 1L 1
f.4. Range of Orientation [ 1L 1L 1
Performance Parameters
a. Acceleration 80 g at 227 kg payload(max) __(min usable)
b. Jolt 10g/20msec (max) {min usable)
c. Velocity 17.m/s (56 ft/sec) _ (max) (min usable)
d. Stroke 1.2 m (4 £ (max) (min usable)
e. Waveform: (Check all that Apply) Range of
Acceleration Duration
e.1. Sine
e.2. 1/2 Sine X
e.3. Triangle X
e . Trapezoidal
e,5. Rectangle
e.b. Sawtooth
e,7. Other (indicate)
f. Repeatability
f.l. Peak G 7.5 3
f.2. Peak Velocity 1.5 %
Instrumentation
a. Number of Channels 50
b. Frequency Response/Class 0-200Hz € 1K sample rate; sample rate
yarjable to 10K with on board A/D
c. Method of recording
c,1l, Tape 0-2K ANALOG
c.2. Chart X
c.3. Other (specify) ON-BOARD A/D, TRANSMITIED TO DISK STORAGE

d. Method of Transmission
d.1. Flying lead X
d.2. FM Transmission X

e, Accelerameters
e.l. Types
e.2. Dynamic Range 500 £
e.3. Frequency Range 0-3K
e.l4, Number 25

e.4.a, on sled

—_ 1
e l.b, on subject/dummy _AS REQUIRED
f. Other Parameters Monitored: FORCE, YELOCITY. DISPLACEMENT, AND
RS
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NATO/AGARD

Impact Test Facility Survey

1D #37
1., Name and Address of Facility VERTICAL ACCELERATOR
c Q I Cl
I VI
W 4sy
2. Name of Director/Manager JAMES W, BRINKLEY
3. Date Facility became
operational MARCH 1977
4, Principle of Operation 6" HYGE DEVICE AIR PRESSURE ACTION ON
PISTON TO APPLY THRUST TO A CARRIAGE,
5. Main Use/Test Type S AT IO STRAINT
COMPONENTS, & MODEL METERING PINS FOR
a. Man Rated: 24" IMPULSE ACCELERATOR, UTILIZE
yes no__X SMALL & MEDIUM SIZE PRIMATES opDY-

NAMIC RESEARCH.

6. Descriptive Details

a. Horizontal c. Vertical D S
b. Track Length d. Tower Height __6,1m
e. Sled Characteristics [ Sied #1 1[ Sled #2 ll Sled #3 l
e.l. Weight (max) [40 kg (88,0 1b)
e.2. Width (max) [77 cem (30,5 in) JL, l
e.3. Length (max) [46 cm (18,0 in) 1 1
f. Payload Characteristics [ Sled #1 ][ Sled #2 1{ Sled #3 1
f.1. Weight (max) 57 ke 125,01p) 1 1
f.2. Width (max) [77 em (30,5 in) [ 1
f.3. Length (max) [91 cm (36.0 in) 1
f.4. Range of Orientation [ 10 1
7. Performance Parameters 178 KN MAXIMUM THRUST
a. Acceleration 150 g (max) 8,0 _(min usable)
b. Jolt, Acceleration® 32000 g/sec _ (max) (min usable)
c. Velocity 18m/s(59 ft/sec)(max) (min usable)
d. Stroke 48 cm (39 in) (max) (min usable)

#*THRUST COLUMN IS CAPABLE OF RAPID DECELERATION WHEN USED WITH DECELERATION
METERING PIN AND HYDRAULIC FLUID. JOLT, DECELERATION 100,000 g/sec.

e. Waveform: (Check all that Apply) Range of
Acceleration Duration
1. Sine
2. 1/2 Sine
.3. Triangle
4, Trapezoidal
.5. Rectangle
. Sawtooth
. Other (indicate)
f. Repeatab111ty
f.l. Peak G

f.2. Peak Velocity 2 5

8. Instrumentation

[ [ F<

a. Number of Channels 9
b. Frequency Response/Class 2K
c. Method of recording
c.l. Tape X
c.2. Chart

¢.3. Other (specify)
d. Method of Transmission
d.1. Flying lead X
d.2. FM Transmission
e, Accelerameters

e.l. Types PIEZORESISTIVE
e.2. Dynamic Range 250 g

e.3. Frequency Range DC - 2HKz
e.li, Number

e.4,a, on sled

e.i.b., on subject/dummy _AiBEQULBED_
f. Other Parameters Monitored: VELOCITY, FORCE, AND DISPLACEMENT,




IL #30

i.

Hanie and Address of Facility

LATS/ ACALD

Impact Test fracilivy Survey

B, BLUG ook
W-PAFD, OH 45433

Hatie of Lirecror/Manager JAMES M, BRINKLEY

Date Facility vecame

operational

Principle of Operation

Main Use/Test Type

a.

Man Katea:
yes,

no__X

Descriptive Details

d.
V.

e

tiorizontal c., Vertical A
Track Length 4. Tower Height 4,9m

Sled Cnaracteristics
e.l. Weight (max) - 509
e.2. Wiath (max)

o aey2s 1Tl il |
e.3. Length (max) 1121¢i/47.,5in[ 137¢cr/54 inll 1

. VWeight (max) 4 & i e
. Width (max) L 1L iL
. Length (max) [ Bl 1L
. Range of COrientation { 4Gz 104590 30%+Gzl

) S .y

Pertormance Parameters

a.
b.
c.
d.
e.

f.

Acceleration 600 ¢ (max) 10 g (min usaole)
Jolt (max) (min usable)
Velocity 14 av/s (46 fr/sec)(max) 4,3 /s (14 fu/sec(min usaole)
Stroke (max) (win usable)
Viaveform: (Check all that Apply) Range of

Acceleration Duration

Sine

1/2 Sine
Triangle

. Trapezoical
Rectangle X 10-200 g -24 s
Sawtootn

Other (indicate)

e e e a
1O LN

D000 o0n
e e

Repeatability
f.l. Peak G 10 %
t.2. Peak Velocity ___ 3 %

Instrumentation

a.
D.
C.

d

Y

f

HNumber of Channels 30
Frequency Response/Class 2Kz
Method of recording
c.i., Tape X
c.2, Chart X
c.3. Other (specify)
Method of Transmission
d.1l. Flying lead X
d.2. FM Transmission
Accelerometers
e.l. Types PIEZORESISTIVE STRAIN CGAUGE  PIEZOELECTRIC
e,2. Dynamic Range 0=250 0=250 0-250
e.3. Frequency Range —PC=2KHz _ DC-2KHz = _ 2-2kHz =
e, 4, RNumber
e.4.,a., on slea .2
e.ld,.b. on subject/dunriy 9

Other Parameters Monitorea: HARNESS LOADS, SEAT LOADS, AND VELOCITY

45




. At J
s .
. Ty . ¢ e
.oPrineiga t
. WATEN S
PN il
N T
. LtLuriplive coetialil
4. beryzontosl o e . e e o
L. Traew Lengu RO L .
. € neloa 14
Sylerdsl oo
‘LAJJ&_ P __.ﬁ_vg_;_ PO S
' [T T
I i AL

boowdU B § oL wdrd

it barapecters

Leravlon (ra¥) e luan
IS VIS RIS CN S P .
o Veluosty Qeoid Llul/ o i, o
e SLro Aon Sl AL ahgbiar el
o, dovetorms (G OB
L rsLLlon .
culy o m
pld. /¢ sine
e 3, Triangle
4, Trajacolual
Kecvangle
Locth
ol Gtner (noioate)
U, alability
.1, Prak G o
{.2, reas Velocivy S
. notraentatlon

1

. huver of Channels

Lo breguency Sesponoee/Clase  g=oUullg L .
variapie Lo ilr

Hevtnou of riecoring
ool Tape
m.d. Crart
S dthier (opecity)
i. tethod of Tratsulsson
wels Fiyin, lead
d.2. FNM Tranomission
v. ACcoleronetoers

— e _dmeb

aidia e unsbe

i, Numier __.__‘E-b._.___ —————————— e
cubLa, on tled — b
cuohLU. on sublect/aumny _ bel2
HIES AR ruramcLLrv |on1Lored __gLLg,4*¢5L;J_J_LLL; Latiling_sdifti. dadiis,
i Al LOLY_ DRGUELT wistlbbiliblso,.




LATO/AGARD

Inpact Test becllity Jurvey

1L,
dane and Addurecs of tocilivy IMPULSE ACCELERATOR
BICMECHANICAL PROTECTION HANCL.
BIQUYNAMICS & DPIOENGINEERING DIVISIU.
AFAMRL, W-PAFD, OH  HSL33
z Hame of Director/Manager JAMES W, BRINKLEY
3. Yy Lecane

2o JUNL 1972

4, Principle of Dperation

Main Lse/Test Type

ALD VEHICLES UJI“G DLIWI;@ PJ5JL9

a. ihan Fatea: Anb ANVIMAL SUBJECTS
yeo_X no

teseriptive Details

a Horizontal X ¢, Vertical
b, Track Lengin 1Ow ¢, Tower Eelight
e, Sleuy Characteristics [ Sled #1 Q[ sled #2 ) _Slec $% 5
e.l, Weight (max) ¢1oKE/100010{ 304Kk /800101[ e
e.2. Width (nax) 5.2 u/8 iy 1[5,2 w/b fv ][ i
¢.3. Lengun (max) 11,8 m/6 £t 1[1,8 w/e f'v 3 i
1. Fayload Characteristice ‘leu i Sled fic [ _Sleu ;-
f.l. Weight (max) [ o/ 10K _Jol 1450k 1
£.2. Widts (max) Lj)i /12 fr) (3,7 m/12feli 1
£.3. Length (max) [ UNDEFINED 1 [UNDEFINED ][ 4
f.4. Range of Orientation LRG LIMIT J1 1 1 .
f. Performance Farametors
a., Acceleration 190p's £ 227ke payload(max) 1 2 Cmin uratls
b. Jolt BO00_ o/ see (max) 50 g/sec (uin usavls
¢. Velocity 91,5 w/s (169 frs) (max) ,3 w (Ifpsi(rin wseole
d. Stroke S.0 (8,4 ft) (max) L3 m (1 £e)lein weani
e. daveforn: (Check 2ll that Apply) Range of
Acceleration Larniion
e,l. Sine
e, 2. 1/¢ Cine X 1=150 4
¢.3, Triangle A 1-156_,,
e, 4. Trapezoidal )4 =190 4,
e.5. Rectangle X I 3 1Y,
.6, Sawtooth X 1-150
c¢.7. Other (indicate) COMPOULIDY _ =150 _
t. Repeatability
f.1. Peak G <1 4
1.2. Peak Velocity <1 b
s, Instrunentation
4. Number of Conanncls b
b. Frequency Kesponse/Class TUKHZ _
c. Mothou of recording
c.l. Tape L
o.2. Chart b
Co3. Othior (zpecify) e DIGITAL
. Metnod of Transmiscion
3.l. Flying lead A —
G.2, FM Tranceicsion X
¢. Accelerometers
e . Types PIEZORESISTIVE
¢.2. Dynamic Range 2h0 .
v.3. Frequency Range 0-3kKHe
e.d4, lunver i
e, .3, on sled 6
e dub, on subject/durriy 9
f Otner Paraneters Honltoreu
MOTION
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HATO/AGARD
lupact Test Facllity burvey
iths
Laie and Address of Facilivy X ES N i INST. -

Hame of Liirector/Manager

Date Facility vecame
operational

Principle of Operation

Fain Use/Test Type

a. Han Fated:
yes_ X no.

Pescriptive Details
a, Horizontal
b, Track Length

¢. Sleu Characteristics
¢.l. Weight (max)
e.2. Width (unax)
e.3. Lengtn (max)

f. Payload Characteristics

0220 CULEBRA BUAD
P.O, DRAYWER 20510
SAIN ANTOWIO, TX 78284 _

GERALD D, DRISCOLL

JANUARY 1972

REBOUUD, BUNGEE CORDS

EVALUATION OF AUTOMOTIVE ALRBAG AND
BELT TYPE RESTRAINT SYSTEMS

c. Vertical

i d. Tower Height
3led #]1 Sled # Sled §
L 650 los J{ 1L 1
L vt Q0 1L 1
L o fv 1 1 1

L_.gis.__1__Ji__;usa_sz~JL__;lgg_L3__l

f.l. Weight (max) [ 4000 lbs [ 1
f.2. Width (wmax) I 210 £t [ A;J[ 1
f.3. Lensth (max) ~12 fe 1 1
f.4. Ran_,c of Crientation [0-200° vaw }{ Bt ]
with an adjustable turntavle
Perfornance Parateterc
a. Acceleration 00 o (max) _%,5 4 (riin usable)
b. Joit Y6000 g/s (max) _~50 /s (min usable)
c. Veiocity 720 pph (max) _~ 1 mph (min usable)
d, Stroke (Rebound Prograimer) 19,75 in  (wmax) _a .5 in _ (win usable)
e, Waveforn.: (Check all that Apply) Range of
Acceleration Duration
¢.l. Sine % 25=00 4 34-375 s
e.2. 1/2 Yine X .5-60 ¢ 34375 pis
e.3. Triangle £5=00 ¢ _34-375 ms
e.d4. Trapezoidal - X 2H=00 & 34375 ws
e.5. Rectangle 25=60 4 34-35ms
e.6. Sawtooth .)-60 et 37400 ms
e.7. Othier (indicate) A_MAElEI BASICALLY GEOMETRICAL
WAVEFORMS ARE EO§§LEL£
f. Repeatability
f.l. Peak G _—2 %
f.z., Peak Velocity ____ 4 %
Instrumentation
a. Kumber of Crannels 25

b. Freguency Response/Class

c. Metnod of recording
c,1l., Tape
c.2. Chart
¢.3. Other (specify)
d. Methou of Transmission
d.l. Flying lead
d.2. FM Transmission

e. Accelerometers - EHDEVCO PIEZORESISTIVE

e.l. Types
e,2, Dynamic Range
e.3. Frequency Range
. Number
e u.a. on sled

A N X
iT_BEAM 05C
X (UMBILICAL TO SLED)
2264-2000 1264-2000 2260250
2000-2000G 2000-20006  _=2500-250G
O-0 Kz _ _0-5kHz  _ O=2 KHz

e, 4.b. on subject/duriy uE 10 24
f. Othcr Parameters Wonitored:TYPICALLY: SLED VELOCITY; RESTRALNT SYSTEM
PRESSURE: AND TIMES OF SPECLFIED EVENTS
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